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This study was conducted to provide insight into the ability to nowcast severe
convective winds using C-band dual polarimetric radar. C-band polarimetric radar was
used to identify hail melting signatures. These signatures are observed as increasing
differential reflectivity (Zdr) below the melting level. The use of C-band polarimetric
radar was also used to identify and quantify small hail or graupel available for the hail
melting process. The study found that Zdr values increasing to at least 3 dB and a
quantifiable precipitation ice of at least 6 kg/m2 were observed for each convective wind
case. Compared to the null cases, the ice precipitation was higher for 3 out of 4 of the
confirmed convective wind cases. An overlap between estimated enhanced melting layer
and the steep sub-cloud lapse rate was observed. Polarimetric radar can provide greater
detail in precipitation processes than what is provided with single polarimetric, Doppler
radars.
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CHAPTER 1

INTRODUCTION

This study will focus on the case study analysis of confirmed convective wind
events. The study will examine the polarimetric observations and provide a
microphysical explanation. The use of Doppler radar measurements will also be used to
provide confirmation of a convective wind event. The use of null wind cases will be
provided as comparison to confirmed wind cases to identify quantifiable differences
between the microphysical observations for an area of convection. Each case study will
also take into account environmental parameters like lapse rate and the 0°C level. The
selection of the cases was meant to capture typical single-cell convection where little
environmental wind shear was observed. Convective wind events from squall lines and
mesocyclones were not considered in this study.
Dual-polarimetric radar measurements provide information about hydrometeor
shape, size, phase, dielectric, and orientation. This study will focus on the radar
measurements of reflectivity (Zh), differential reflectivity (Zdr), and correlation
coefficient (ρhv). Radar reflectivity is defined as the sum of all backscattering crosssections (e.g., precipitation particles) in a pulse repetition volume divided by that volume
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(Rinehart 2010). Zh is also a function of hydrometeor dielectric, so it can be important to
note a dielectric response when the hydrometeor begins to change phase. Zdr is the ratio
of the reflectivity at horizontal polarization to the reflectivity at vertical polarization
(Rinehart 2010). Zdr is related to the reflectivity weighted mean axis ratio of a
precipitation particle in a radar volume. This measurement is important when
considering how the axis ratio of small ice particles change when melting occurs.
Correlation coefficient is defined as the co-polar correlation of the pulse to pulse returns
between the horizontal and vertical polarizations in a given radar volume (Rinehart
2010). The correlation coefficient parameter is important when examining hydrometeors
in the melting phase. These polarimetric parameters will be helpful in identifying the
microphysical characteristics of a microburst producing storm.
It is important to further narrow the scope of the type of convective wind events
that are being considered for this study. Fujita and Wakimoto (1983) identified the term
"downburst," when considering a strong downdraft that results in an outburst of
damaging winds near the ground. The term downburst is further classified as a macroand microburst. A macroburst is defined as having an outflow diameter greater than 4
km and a life time of 5-20 minutes. A microburst is defined as having an outflow
diameter of less than 4 km and a life time of 2-5 minutes. A microburst is termed dry if
there is less than 0.01 inches of rain at the surface. Otherwise a microburst is termed as
wet. Wakimoto (2001) identifies the low-level flow of a microburst as strongly divergent
in all directions away from the microburst center. This study will consist of convective
winds events labeled as wet microbursts.
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An area of great importance this study attempts to explain is how the dynamic,
thermodynamic, and precipitation processes contribute to force a strong downdraft. The
use of C-band polarimetric observations can provide insight into evidence of small hail
melting. This phase change can provide negative buoyancy within a downdraft. Radar
observations can be used to estimate precipitation loading within convection. This
precipitation process can also provide forcing for negative buoyancy within a downdraft.
The ability of gathering environmental observations is helpful to understanding the
potential of downdraft forcing. A high sub-cloud lapse rate, that is approaching dryadiabatic, can also be beneficial to strengthening a downdraft. It is important to
understand all possible forcing mechanisms that provide negative buoyancy to support
the growth of a downdraft within a thunderstorm, whether they can be observed or not.
Wakimoto (2001) points to the vertical momentum equation for a complete
understanding of the forces acting on a downdraft. The 5 terms of the vertical
momentum equation include the vertical gradient of perturbation pressure, thermal
buoyancy, perturbation pressure buoyancy, condensate loading, and entrainment. The
effect of the vertical gradient of perturbation pressure is small when considering most
downdrafts. This process plays a larger role in the development and maintenance of
strong downdrafts when considering mesoscale convective systems. Perturbation
pressure is commonly active with rapid pressure falls located in low-level mesocyclones.
Thermal buoyancy forcing relates to the virtual potential temperature of the parcel versus
the environmental virtual potential temperature. Thermal buoyancy can be affected by
cooling due to phase changes, like melting, evaporation and sublimation. The latent heat
of melting and vaporization create a cooling effect on the environment that will enhance
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the negative buoyancy that will drive a downdraft. If steep lapse rates exist in the
presence of these phase changes, the parcel will remain cooler than the environment and
allow for further descent and strengthening of the downdraft. Pressure buoyancy is
considered weak in forcing compared to thermal buoyancy and perturbation pressure
forces. This force relates to pressure of parcel versus environmental pressure.
Condensate loading can provide forcing from the drag associated with the weight of
precipitation particles. Entrainment can also provide negative buoyancy through
evaporation or sublimation of cloudy air or precipitation by decreasing the virtual
potential temperature difference.
The hypothesis of this study is that dual-polarimetric C-band radar detection of
significant amounts of small hail or graupel aloft and identification of the subsequent
melting process can be useful precursors to damaging convective winds at the surface
when placed in the context of Doppler signatures and environmental data. The purpose of
this study is, through the examination of 4 case studies, to show the ability of C-band
dual-polarimetric radar to locate the presence of small hail or graupel as well as the
evidence of the melting of small hail or graupel prior to strong convective wind events.
The motivation of this study is the potential for enhanced situational awareness for
severe, aviation and range weather forecasts from C-band dual-polarimetric radar
observations.
The identification of small hail or graupel within convection is a precursor to the
eventual precipitation process of hail melting. The use of dual-pol radar provides the
ability to identify the process of hail melting due to the changing axis ratio of small hail
or graupel. The process of small hail melting creates a net cooling effect on the
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surrounding environment as well create negative buoyancy. This process can initiate or
strengthen a downdraft to the point of strong divergent winds at the surface. This
precipitation process coupled with a steep sub-cloud lapse rate can produce damaging
convective wind events at the surface.
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CHAPTER 2

BACKGROUND

This portion of the thesis will examine previous work done on examining primary
forcing mechanisms of microbursts; modeling of convective downdrafts; observations
from microburst producing storms; kinematic, dynamic, and thermodynamic
characteristics of a downdraft. These results are important to consider when attempting
to nowcast convective winds.
2.1 Downdraft Modelling
Srivastava (1987) conducted a modeling study of a downdraft focusing on the
precipitation effects of melting, evaporation, and condensate loading. The model
included calculations of melting, evaporation, particle concentration, particle content,
thermodynamic energy, and vertical air velocity. Environmental conditions of lapse rate
and relative humidity were used in downdraft modeling. In general, model results
showed that as the stability of thermal stratification increased, higher precipitation
contents had to be present and in the form of ice. If lapse rates are near dry-adiabatic,
even light precipitation can cause strong downdrafts. In order for there to be a presence
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of ice in the core of a thunderstorm, there needs to be sufficient instability for storm
development. Srivastava also makes an argument for the importance of hail or graupel
melting compared to latent heat of vaporization due to evaporation. Model results
showed that hail melting was strongly dependent on relative humidity, and that certain
sized hail stones can melt completely before reaching the ground at high relative
humidity. There is typically a shallow and concentrated area of latent heat exchange
associated with hail melting that can create strong negative buoyancy. The heat exchange
for evaporating raindrops would be considered greater than for melting but the process of
evaporation is not as concentrated vertically. In calculations made by Srivastava for
evaporation, the latent heat of vaporization was vertically distributed equally. For hail
melting, the process begins gradually through a fall of a few kilometers. Then almost
half of the remaining ice core melts within 0.5 km. This creates a concentrated area of
latent heat of fusion release from the atmosphere to the particle. The presence of
precipitation ice can provide negative buoyancy in the form of condensate loading as well
as thermal buoyancy from melting. This study shows the importance of environmental
observations, as well as the ability to observe or quantify hail melting or condensate
loading.
2.2 Polarimetric Observations of a Microburst
A study by Atlas et al (2003) focused on the observations of a wet microburst and
then made comparisons to theoretical results of a strong downdraft. The observations
from 915-MHz profiler radar and polarimetric S-Pol radar provided kinematic as well as
microphysical characteristics of a wet microburst. The profiler radar observed a strong
downward increase of vertical velocity between 2.8 and 1.5 km levels as well as a wind
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shift and gust of 15 m/s measured at the surface. The increase in vertical velocity
between 2.8 and 1.5 km of 11 m/s can attributed to the enhancement of negative
buoyancy due to the melting of small hail. An estimate of hail size at 0.7-0.8 cm is made
from the upper bound of the Doppler spectrum. A downward decrease in the width of the
Doppler spectrum of the profiler between 3 and 2 km is evidence of the melting of small
hail and narrowing of the size distribution. The profile of reflectivity and the absence of
a bright band point to the presence of hail or graupel. The S-POL differential reflectivity
signal is enhanced just below the 0°C level at 5 km to 2.5 km. This signature is evidence
of small melting hail that is taking on the appearance of large oblate raindrops with lower
axis ratio. The decrease in the signal near 2.5 km points to the evidence of complete
melting of small hail. The enhanced downward vertical velocity measurement between
2.8 and 1.5 km from the wind radar profiler further validates the differential reflectivity
signature as evidence of small melting hail. Atlas then points to Srivastava (1987) for
theoretical comparisons to the observations. A small hail stone of 0.7 cm melts more
rapidly at a higher relative humidity, and complete melting can occur in 3 km at a relative
humidity of 70%. Half of the mass of the hail stone will melt in the last 0.7 km of the fall
at a lapse rate of 7 K/km. This highlights the earlier conclusion made by Srivastava
concerning the shallow and concentrated area of negative buoyancy. The point is also
made that a narrow distribution of small hail can enhance the idea of a concentrated area
of negative buoyancy. The model results also show the production of a downdraft of 11
m/s from melting of small hail in a fall of 2 to 3 km. This matches very well with the
observations of the study from Atlas et al. The observations from the radar profiler and
the polarimetric radar prove to be good validation of the model from Srivastava. This
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study also shows strong evidence of the importance of small melting hail to the
strengthening of a downdraft and production of a wet microburst.
2.3 Radar Modelling and Sensitivity Study of Hail Melting
A study by Vivekanandan et al (1989) uses the Rasmussen and Heymsfield (1987)
hail melting model coupled with radar modeling of multiparameter variables of Zdr, linear
depolarization ratio (LDR), and specific propagation differential phase shift (Kdp).
Sensitivity studies were done in the radar modeling based on particle shape and
orientation distributions, two different environmental soundings, and hail or graupel
particles. The study also looked at modeling of C-band polarimetric observables when
analyzing the process of hail melting. Measurements from the NCAR CP-2 are also
displayed for the importance of polarimetric analysis of hail melting in convective
storms. Polarimetric observables are sensitive to hydrometeor shape, orientation, and
dielectric constant. The results of the sensitivity study showed that Zdr and LDR were
most sensitive to hydrometeor shape. This test was for a conical shaped graupel versus a
spherical shaped graupel. The conical shaped graupel had more rapid response in LDR
and Zdr as the particles descended with height. The maximum in LDR is seen before the
maximum in Zdr. The vertical slope of the signatures was larger for the spherical shaped
graupel. In the sensitivity study for standard deviation of canting angle distribution, little
changes were seen in LDR or Zdr vertical profiles. The melting was model was done
using two different environmental soundings, one from Alabama and one from Colorado.
There is a more rapid response in the Zdr signature with the Alabama sounding and a
more gradual slope. This sensitivity study is done for a 6 mm and 10 mm particle and the
delay in the signature is even greater for the 10 mm particle when using the Colorado
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sounding. In the sensitivity study between hail and graupel, there is a delay in the Zdr
signature of the melting hail cases. The larger the particle the more delayed the Zdr
signature for the hail case. Also for the 6mm particle size case, the maximum Zdr value
for the melting hail case is 1.5 dB larger than the melting graupel case. It should be noted
that density of hail versus graupel will play a big role in the response of polarimetric
signatures. In the hail melting study for modeling for polarimetric C-band Zdr shows very
high values in the 7-9 dB range. The large Zdr values for C-band are enhanced due to
resonance. This is further evidence of how the use of polarimetric radar can be employed
to detect the evidence small melting hail.
2.4 Observational study of Microburst compared with Hail Melting Model
A study by Meischner et al (1991) examines a squall line event in Southern
Germany. The importance of this study is the use of polarimetric observations to deduce
information about precipitation processes. This study focuses on how polarimetric
observations identify the presence of hail melting and then makes comparisons to results
from the Rasmussen and Heymsfield (1987) hail melting model. C-band polarimetric
measurements of Zdr, Zh, Kdp, and backscatter differential phase are used to identify the
region of hail melting within the squall line. The process of hail melting is potentially
tied to the occurrence of a wet microburst within the squall line. Comparisons are made
to hail melting model results tied to modeled C-band radar polarimetric observables. The
melting model considered particle sizes of 3, 5, 7.3, and 9 mm and assuming a relative
humidity of 100%. The relative humidity profile allows for complete melting of the
hydrometeors. Vertical profiles for Zdr from hail melting results shows that the maximum
in Zdr is located just above where complete melting of ice particles occurs. The ice

10

particle size of 7.3 mm shows the largest Zdr value of ~9 dB. This result is most likely
due to resonant effects with C-band polarimetric radar. The use of the hail melting model
and radar modeling shows good comparisons to the C-band polarimetric observations.
2.5 Nature of a Convective Downdraft
A two part paper by Knupp (1987) characterizes the nature of a convective
downdraft within high plains cumulonimbi. The first part looks at the general kinematic
structure. The precipitation associated downdraft is usually distributed in the most
statically unstable layer of the atmosphere, and doesn’t normally exceed a depth of 4 km.
Maximum winds from a downdraft are typically found below 1 km. The kinematic
structure of a downdraft can be broken down into two downdraft inflow branches, the updown branch and the mid-level branch. The up-down branch originates from the
planetary boundary layer and is pronounced during the mature downdraft phase when
low-level temperatures are reduced. The mid-level branch originates from the relative
upwind direction above the planetary boundary layer and is pronounced during the
developing downdraft stages. Airflow trajectory patterns of downdrafts are convergent
from 0.8 km to downdraft top. The strength of the downdraft is also dependent on the
static stability of the environmental air. If there is stable air feeding the downdraft this
will cause slower descent rates. Descent rates are also increased by precipitation
processes of melting and evaporation.
The second part of the paper by Knupp (1988) focuses on the dynamic and
thermodynamic characteristics of a downdraft. Low-level downdrafts are commonly
driven by melting, evaporation and loading of precipitation. This study found that
environmental cooling associated with entrainment processes at mid-levels is not as
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strongly associated with downdraft initiation and maintenance. The low-level forcing
coincides with a neutral atmospheric boundary layer where strong downdrafts are
produced. The low-level downdraft is not forced by just one particular forcing
mechanism. All components contribute to the net downward acceleration along the path
of the parcel trajectory. In examining the role of melting versus evaporation the midlevel trajectories are driven mostly by evaporation and sublimation effects. The up-down
downdraft trajectories are driven mostly by forcing from melting. For this case, the
maximum in downward acceleration occurred in the 1-2 km layer. In this region the
forcing mechanisms of condensate loading, melting, evaporation, and negative pressure
gradient play an important role. The negative pressure gradient forces appear to be a
response to the start of adiabatic cooling in the low-levels. It is also important to
consider that this study involves a High Plains case where differences can exist when
compared to a Southeast case. For the High Plains case the cloud base and melting level
are close in proximity and this produces an overlap in the melting and evaporation
profiles. For a Southeast case the cloud base and the melting level are typically separated
by approximately 3 km.
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CHAPTER 3

DATA AND METHODOLOGY

This section of the thesis focuses on the data employed for this study and the
methodology on how the data is analyzed. The data and methodology provided in this
study is important for analyzing the microphysical processes involved in strengthening a
downdraft. This section will focus on examining C-band polarimetric variables and their
microphysical inferences, vertical cross-section of polarimetric variables, hydrometeor
identification, hydrometeor quantification, and Doppler velocity analysis.
3.1 Polarimetric Variables
The University of Alabama in Huntsville (UAH) Advanced Radar for
Meteorological and Operational Research (ARMOR) was used in this study focusing on
the dual-polarimetric capabilities of ARMOR. The ability of ARMOR to transmit and
receive both horizontal and vertical polarizations is useful in understanding information
about hydrometeor shape, phase, size, orientation, and dielectric. This information
cannot be as readily inferred from single polarization radar. The polarimetric variables
considered in this study are horizontal reflectivity (Zh), differential reflectivity (Zdr), and
correlation coefficient (ρhv).
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Radar reflectivity or Zh is known as the sum of all backscattering cross-sections
(e.g., precipitation particles) in a pulse resolution volume divided by that volume
(Rinehart 2010). Zdr is the ratio of the reflectivity at horizontal polarization to the
reflectivity at vertical polarization (Rinehart 2010). Zdr is a measure of the mean
reflectivity weighted axis ratio of a precipitation particle in a radar volume. Correlation
coefficient is known as the co-polar correlation of the pulse to pulse returns between the
horizontal and vertical polarizations in a given radar volume.
Radar dual-polarimetric capabilities can be useful for inferring the microphysical
characteristics within convection. Zh is a function of hydrometeor dielectric, so it can be
important to note a dielectric response when the hydrometeor begins to change phase.
This response is related to the Debye relaxation, where if the viscosity of a medium is
large, the response of the electromagnetic (EM) field is suppressed. The viscosity of ice
is higher than for liquid, so the response of the EM field will be higher for liquid
particles. This will cause Zh to increase when there is a change in phase from solid to
liquid due to the enhanced reflection of EM.
As mentioned above, Zdr is a measure of the mean reflectivity weighted axis ratio
of precipitation particles in a radar volume. Figure 3.1 is a schematic of a rain drop with
the semi-major (a) and semi-minor (b) axis identified.
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Figure 3.1: Schematic of conceptual model of raindrop with semi-major (a) and
semi-minor axis (b). The semi-major axis is the horizontal axis and the semi-minor axis
is the vertical axis.

The axis ratio of this particle would be b/a. In this instance the smaller the axis ratio the
larger the value of Zdr. If the particle has a larger horizontal or major axis (a), the amount
of horizontal reflectivity will be larger. If the particle has a larger vertical or minor axis
(b), the amount of vertical reflectivity will be larger. A spherical particle would have an
axis ratio of 1 and theoretically would have a Zdr of zero. A spherical particle would have
equal amounts of horizontal and vertical reflectivity. Figure 3.2, from Beard and Chuang
(1987), shows a figure of equilibrium shaped drops ranging from 1 to 6 mm in diameter.
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Figure 3.2: Figure of equilibrium shaped drops ranging from 1 mm to 6 mm taken from
Beard and Chuang (1987).

The smaller drops are almost spherical and the larger drops appear as oblate spheroids.
Drops take on this shape as they grow larger based on the balance of forces between
hydrostatic, surface tension, and aerodynamic (Beard and Chuang 1987). In this case,
higher Zdr values would be expected as the particles became larger and more oblate.
Figure 3.3, from Meischner et al (1991), is a conceptual model of the process of
hail melting. This process begins as an almost spherical hail stone. As the particle
begins to melt the hail stone is covered with a sheet of melt water. As the melting
process continues, the particle tends to look like an oblate raindrop with an embedded ice
core. This melting process will cause Zdr to increase. As the particle melts the axis ratio
will be smaller and dielectric will be larger, both resulting in an increase in Zdr. Zdr can
also increase due to Mie or resonant scattering, when particle sizes fall outside of the
Rayleigh scattering regime.
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Figure 3.3: Figure with conceptual model of hail melting from Meischner (1991). This
figure conceptualizes a hailstone with diameter of 7.3 mm beginning at 4.2 km and
falling to 1.5 km where complete melting of the hailstone occurs.

This enhanced scattering regime is a function of wavelength (λ) of the radar. A C-band
radar falls within 5 cm wavelength range. The Mie regime is known to occur for
hydrometeor diameter approximately larger than 0.1*λ or particles sizes greater than 5
mm for C-band radar.
Correlation coefficient can become lowered in the presence of mixed-phase
hydrometeors and in presence of hail or melting hail (Anderson et al. 2011). For C-band
measurements, this would be for ρhv < 0.95 for mixed-phase hydrometeors and hail or
melting hail. In the mixed-phase, the correlation coefficient is lowered due to
hydrometeors exhibiting a variety of characteristics. Some of these characteristics
include phase, shape, orientation, and dielectric. Correlation coefficient can also be
lowered due to Mie or resonant scattering caused by hail or melting hail.
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3.2 Vertical Cross-Section of Polarimetric Variables
Analyzing the vertical cross-section of polarimetric variables is important for
studying the potential of microburst producing convection. This technique is used to
analyze the process of small hail melting. NCAR’s REORDER (Oye et al. 1995)
software package was used to convert ARMOR data to Cartesian (x, y, and z) grid
spacing using the Cressman weighting function (Cressman 1959). Cartesian grid spacing
for the polarimetric data was at 1 km (x, y, and z) with a radii of influence of 1.4 km.
The vertical cross-section focuses on the precipitation core for the microburst producing
convection and is averaged over a 5 km by 5 km grid section at each height level. This
method was used to provide an average on convective cell scale of polarimetric values
that are less sensitive to the presence of noise. The analysis focuses on the behavior of
Zh, ρhv, and Zdr particularly below the 0°C level. The analysis looks at how the
polarimetric variables respond to the melting of hydrometeors. As previously discussed
the melting of small hail has a significant impact on the thermal buoyancy within a
convective downdraft. A time-series analysis of the vertical cross-section of polarimetric
variables is provided to study the evolution of small hail melting prior to the confirmed
convective wind event. Features to take note of include the maximum of Zdr as well as
the minimum of ρhv, the estimated area of near complete hail melting, and the initial rate
of melting of hydrometeors.
3.3 Estimating Areas of Enhanced Melting
A gross estimation of hail melting is made using an example of the hail melting
modelling study by Meischner (1991). Part of that study included figure 3.3 above as
well as figure 3.4 and figure 3.5. Figure 3.3 shows the evolution of melting for a small

18

hail particle at 7.3 mm. It demonstrated that more than half of the ice melts over a
distance of approximately 1 km. This observation coincides with work done by
Srivastava (1987) that pointed to enhanced melting over a small vertical distance.
Figure 3.4 shows the evolution of the melting ice core over a vertical distance.
This result is for the melting of 4 different particle size: 3 mm, 5 mm, 7.3 mm, and 9
mm. It is also worth noting that the conditions for this modelling test included a RH of
100%. This condition creates a higher rate of melting. For each size, the melting rate
increased rapidly over a small vertical distance. In the case of the 3 mm particle, over
half of the particle melted over a vertical distance of 0.5 km. For the 7.3 mm particle,
over half of the particle melting over a vertical distance of 1.0 km. Another important
part of the modelling study focused on the Zdr polarimetric modelling from this study.

Figure 3.4: This figure is an image taken from Meischner (1991) in a hail melting
modelling study. This figure shows the melting profile over a vertical distance for the
particle sizes of 3 mm, 5 mm, 7.3 mm, and 9 mm.
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Figure 3.5 shows the polarimetric observables of Zdr from the modelling study.
For the 7.3 mm particle size, the maximum Zdr of near 9 dB occurred near 2.5 km. As a
particle melts, the axis ratio lowers and the dielectric increases, both causing the Zdr to
increase. From Figure 3.5, complete melting occurred over the next 1 km vertically.
Examining the 5 mm particle, the maximum Zdr of near 4 dB occurred at a vertical
distance just above 3 km. From figure 4, complete melting of the ice particle occurred in
the next 0.25 km vertically.

Figure 3.5: This figure is an image taken from Meischner (1991), in a study of hail
melting modelling. This figure is a C-band polarimetric observable of Zdr for the 4
particle cases of 3 mm, 5 mm, 7.3 mm and 9 mm. This image coincides with the process
of hail melting.

The main idea taken from this study is that the enhanced area of melting is
expected slightly below the Zdr maximum. A gross estimate of 0 km to 2.0 km from near
Zdr maximum to complete melting is used in this study to provide a conservative
approach when applying this method. A major caveat to this approach is that the estimate
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of enhanced melting is not exact and can vary greatly due to variations in environmental
conditions, size of hydrometeor, density of hydrometeor, and hydrometeor type. It is also
important to apply this method when considering environmental conditions like the
placement and depth of the sub-cloud lapse rate. Knupp (1988) pointed to the importance
of the sub-cloud lapse rate to the strengthening and maintenance of a downdraft. It is
interesting to note if the area of enhanced melting and the steep sub-cloud lapse rate
coincide.
3.4 Hydrometeor Particle Identification
The analysis also focuses on the particle identification of hydrometeors (PID) for
microburst producing convection. The National Center for Atmospheric Research
(NCAR) PID software was employed for the cases in this study. The polarimetric radar
data was provided for each case to conduct a PID for each storm. The classification
categories for the NCAR PID include: cloud, drizzle, light rain, moderate rain, heavy
rain, hail, rain-hail mixture, graupel-small hail, graupel-rain, dry snow, wet snow, ice
crystals, irregular ice crystals, supercooled liquid droplets, flying insects, second trip, and
ground clutter. The PID scans were then gridded in Cartesian grid space (x, y, z), using a
closest grid point interpolation scheme for REORDER output. The vertical cross-section
of PID analyzes the convective structure of hydrometeors types. It is important to focus
on the presence of the graupel or small hail category to identify the potential for the
melting of small hail or graupel.

21

3.5 Hydrometeor Quantification
The analysis focuses on the quantification of hydrometeors to explain the process
of condensate loading. A vertical integrated quantification of all hydrometeors was
provided to describe the process of hydrometeor loading. A vertical integrated
quantification of ice precipitation was provided to describe the ice available for hail
melting. Deierling et al (2008) was used as guidance in the hydrometeor quantification
process. To quantify nonprecipitation ice a reflectivity to mass (Z-M) relationship from
Heymsfield and Palmer (1986) was employed. Two Z-M relationships for precipitation
ice from Heymsfield and Miller (1988) were employed. One of the Z-M relationships for
precipitation ice is for graupel and small hail or graupel small hail rain mixture and the
other Z-M relationship was for hail or rain hail mixture. For rain, a Zh, Zdr-M
relationship is used from Bringi and Chandrasekar (2001).
The gridded PID data were also employed to provide a qualitative approach to
characterizing hydrometeors for quantification. Using the PID data a weighting approach
was used to discriminate between liquid and frozen hydrometeors. This weighting
approach simply weighted the ice Z-M and liquid Zh, Zdr-M relationships appropriately to
the PID data. An assumption was made that above the -5°C line everything was treated
as ice. Deierling et al used an approach that treated mixed phase PID categories above
the -5°C line as precipitation ice in the hydrometeor quantification. It should be noted
that an overestimate is possible in scenarios when a Zdr column existed. Also in the ice
regime a threshold of < 33 dBZ was used to identify non-precipitation ice and everything
greater than 33 dBZ was treated as precipitation ice. A factor of 7 dBZ was added to the
reflectivity values for ice to account for dielectric effects (Smith 1984). To calculate the
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hydrometeor quantification, the appropriate formula is applied to each grid point at each
level. The grid space covers the area of the convection being considered. This area was
chosen to contain most if not all of the convective cell. Each level is summed to calculate
vertically integrated hydrometeor quantification (kg/m2) for the storm area. To quantify
hydrometeors for a storm total, each grid point is multiplied by the area of convection.
Then the levels are summed and each grid point is summed to calculate storm total mass
(kg). The storm total hydrometeor mass can also be divided into liquid and solid
precipitation mass. More specifically the precipitation mass can be calculated for a
storm. This provides an idea of the amount of ice precipitation available for the hail
melting process.
3.7 Doppler Analysis
A Doppler radar velocity analysis was provided in this study to validate and characterize
downbursts for the cases provided. Downbursts are categorized with strong divergence at
the surface. The Doppler velocity data is used to match up with the storm reports of
damaging winds. A full kinematic study of the storms was not conducted since this study
is focused on the polarimetric findings for this study. A divergence calculation from the
Doppler radial velocity is also provided to validate with evidence of a convective wind
event from storm data. Figure 3.6 shows a schematic detailing how the divergence was
calculated for each case. The schematic includes the radar, a region of positive outbound
velocity, a region of negative inbound velocity, the radial distance between the regions of
velocity, and a divergence calculation. Each point of velocity is some radial distance
from the radar. The radial distance between the two points is taken by subtracting the
velocity point furthest from the radar to the point nearest to the radar. The approach
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detailed in the schematic is the approach taken in calculating the divergence for each
case. Another Doppler approach was taken to quantify the near surface divergence by
calculating the near surface wind shift. The wind shift was calculated over a distance of
< 4 km. This approach proved useful in situations where the null case divergence
calculation was higher than the wind case, but the wind case wind shift was higher than
the null case wind shift. The wind shift value could also be compared to the Atlas et al.
(2003) value of 15 m/s.

Figure 3.6: This figure is a schematic of how the divergence was calculated using the
Doppler velocity data. There are two regions of Doppler velocity specified in the
schematic a radial distance from the radar. An example divergence calculation is given
for this theoretical case.
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3.6 Case Selection
The selection of convective wind event cases involved capturing all the data
needed to explain the microphysical processes and provide evidence of a convective wind
event aside from the SPC report. Each case needed sufficient sector PPI scans at a range
of elevation angles to capture the full vertical structure of the convection. Full vertical
data coverage is important for examining small hail melting and quantifying
hydrometeors. The cases also only considered weakly to moderately sheared
environments. The evidence of strong divergent winds near the surface served as
validation for the strong downdraft event.
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CHAPTER 4

MARCH 31, 2012 CASE

4.1 Case Details
According to the Storm Prediction Center (SPC), there were wind reports of
significant damage 8 miles ENE of Moulton and Speake both in Lawrence County, AL.
The damage in Speake consisted of trees and power lines down at 2304Z. Quarter inch
hail was also reported near Speake at 2304Z. Figure 4.1 show the reflectivity image at
2307Z for this case. The area of convection was at a range of 37 km from the radar.
ARMOR radar provided sector PPI scans at a full range of elevation angles to capture the
vertical structure of the convection.
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Figure 4.1: This figure is a reflectivity (dBZ) image at 2307Z for the March 31, 2012
case. The black circle denotes the area of convection considered for this case. The line
from the radar to the red marker identifies a range of 50 km.

4.2 Case Environment
The environmental data for this storm was considered because of its important
role in strengthening the downdraft. Environmental data was taken from balloon-sonde
data at Birmingham, AL and Nashville, TN. The Rapid Update Cycle (RUC) model
reanalysis was used to evaluate the environment at the convective wind event. Figure
4.2, is a sounding from Birmingham, AL for the event at 0:00 UTC. Some of the
environmental parameters for this day include: 1069 J/kg CAPE, moderate wind shear,
0°C at 3.3 km, RH=75% at 0°C, and -5°C at 4.3 km.

The sounding showed a steep sub-

cloud lapse rate approaching dry adiabatic. The steep lapse rate existed from 1.5 km to
the surface. The Birmingham sounding showed a sub-cloud lapse rate of 10°C/km.
Analyzing the 23Z RUC data at the event location, showed a sub-cloud lapse rate of
7.26°C/km. The sounding showed moderate shear in the region from surface to 500 mb.
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The wind changed by approximately 15.4 m/s and by 7.7 m/s from the surface to 500 mb
and from the surface to 750 mb, respectively. This use of the 0°C line will be important
when evaluating the presence of melting. The RH is also important for evaluating how
quickly hail will melt.

Figure 4.2: This image is the Birmingham, AL sounding at 00Z April 1, 2012 for the
March 31, 2012 Case. This image provides information of the environmental condition
including temperature, dewpoint, lapse rate, and winds.

4.3 C-band Polarimetric Observations of Hail Melting
The C-band polarimetric observations were important for deducing the
precipitation process of hail melting. The vertical cross-sections of the polarimetric
variables Zh, Zdr, and ρhv were used primarily in this analysis. The use of environmental
data was also employed in conjunction with the C-band observations for a complete
understanding of the physical processes involved in small hail melting. The
environmental parameters of 0°C level and RH were used in this portion of the study.
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The 0°C line is important when analyzing the onset of hail melting and the RH is used to
estimate the rate of melting. The aforementioned study by Srivastava (1987) mentioned
the importance RH plays in the rate of hail melting.
Figure 4.3, shows the vertical plot of Zh, Zdr, and ρhv at 2307Z. This observation
was in close conjunction with the SPC report of wind damage at Speake, AL.

a.)

b.)

c.)

Figure 4.3: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
2307Z for the March 31, 2012 case. The dashed line represents the 0°C isotherm.

For this case, the 0°C line was near 3 km, so the onset of melting should begin near 3 km.
At the surface, there was a Zh near 53 dBZ, a Zdr near 6 dB and a ρhv near 0.83. It is
interesting to note the very high Zdr and very low ρhv near the surface. This is a strong
indication of hail at the surface when using C-band indication techniques (Anderson et al.
2011). There were also SPC reports of hail associated with this storm. Focusing on the
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entire vertical profile is important for this study in analyzing the evolution of small hail
melting. In examining Zh, there was a maximum near 2 km of almost 55 dBZ. This
maximum indicates dielectric changes with respect to small hail beginning to melt and
carrying a small film of melt water. There was a slight increase in Zh right around 4km to
the maximum near 2 km.
Examining vertical profiles of Zdr is very important for examining hail melting
with C-band. From 3 km to 2 km, there is an initial increase in Zdr from less than 1 dB to
almost 2 dB. This change in Zdr points to the onset of small hail melting. The increase is
also due to changing dielectric and the hailstones could be beginning to form a water
torus that increases the horizontal dimension of the particle. The greatest increase in Zdr
occurred from 2 km to 1 km, where the parameter increased from less than 2 dB to almost
5 dB. As the ice particle melts it tends to take the shape of a large oblate spheroid. This
results in a smaller axis ratio and a larger value for Zdr. From 1 km to the surface, Zdr
continued to increase by nearly 2 dB. If complete melting of small hail existed it would
be expected in the lowest 1 km to the surface. This would also highlight the most
concentrated area of melting. The large extent of melting over a shallow layer was
highlighted by a study by Srivastava (1987). The large amount of latent heat exchange,
due to melting over a shallow layer, will create strong vertical forcing. The extremely
high Zdr near the surface pointed to significant hail reaching the surface. Also the Zdr
might increase associated with large hailstones collecting a film of water leading to
resonant effects for particles exceeding the Rayleigh scattering regime for C-band
measurements.
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Comparing the C-band observations to S-band observations, an S-band
observation of a microburst in a study by Wakimoto and Bringi (1988) is used. The study
highlighted the observation of a Zdr hole close in time and space with the observed
microburst. A Zdr hole is recognized as low values of Zdr near the surface. This was
recognized as cold core melting hail in the center of the microburst. The Zdr hole was
surrounded by larger values of Zdr associated with melting hail and large oblate raindrops.
Examining ρhv is also important in analyzing the process of hail melting. The
initial decrease in ρhv is detected between 4 km and 3 km from approximately 0.97 to
0.96. Above 4 km, ρhv remains steady at 0.97. There may be small amounts of melting
in the region from 4 km and 3 km. A slight change in dielectric may cause the lowering
of ρhv. In the region from 3 km to 2 km ρhv decreased from 0.96 to 0.93. Additional
melting is expecting in this region as particles begin to manifest a variety of shapes,
phases and dielectric properties. This will lead to lowering in ρhv. In the region from 2 to
1 km ρhv decreased the most from 0.93 to 0.86. This also correlates with the
measurements from Zdr at the 2 km to 1 km region. The very low values of ρhv could be
associated with resonant effects due to melting of large hydrometeors. In the region from
1 km to near surface, ρhv decreased from 0.86 to 0.83. The very low ρhv values at the
surface are indicative of significant hail reaching the surface.
Figure 4.4 shows the vertical polarimetric plots for Zh, Zdr, and ρhv at 2231Z. This
was a vertical snapshot approximately 30 minutes prior to the convective wind event. In
examining Zh, the maximum value of 51 dBZ occurs near 3 km. There was a very
gradual increase from 4 km to 3 km. This slight increase is associated with dielectric
effects as frozen hydrometeors begin to form a small film of water on the surface. From
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3 km to the surface, Zh decreased from 51 dBZ to 50 dBZ. This decrease could be
associated with lowering of the diameter of particles being introduced

a.)

b.)

c.)

Figure 4.4: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
2231Z for the March 31, 2012 case. The dashed line in the figure represents the 0°C
isotherm.

due to melting. In examining Zdr, the maximum value slightly greater than 4 dB occurred
near the surface. The Zdr increased from 0.5 dB at 5 km to 1.5 dB at 2 km. The greatest
increase occurred between 2 km to 1 km, increasing from 1.5 dB to 3 dB. This increase
from 3 km to 1 km represents the initial melting process to near minimum axis ratio and
maximum Zdr. Once near maximum Zdr is reached it is expected that melting will
complete within the next 0.5 to 1.0 km.
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This will also be contingent on environmental conditions and hydrometeor properties as
addressed by Vivekanandan et al (1989) in hail melting sensitivity studies.
In examining ρhv, the minimum value of 0.92 occurred near the surface. The first
noticeable decrease in ρhv occurred between 3 km to 2 km from 0.98 to 0.97. From 2 km
to 1 km, ρhv decreased from 0.97 to 0.94. The decrease in ρhv is likely associated with the
introduction of the mixed phase region below 3 km. The changes in ρhv coordinate well
with increases in Zdr with decreasing height.

Figure 4.5 shows a vertical snapshot of the

polarimetric variables Zh, Zdr, and ρhv at 2250Z. This is approximately 17 minutes before
the convective wind event occurred.

a.)

b.)

c.)

Figure 4.5: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
2250Z for the March 31, 2012 case. The dashed line in the image represents the 0°C
isotherm.
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In examining Zh, the maximum of 52 dBZ occurred slightly above 2 km. This is
in a region of enhanced dielectric due to a change in phase from solid to liquid. In
examining Zdr, the maximum of near 5 dB occurred near the surface. From 2 km to the
surface, Zdr increased from 1 dB to near 5 dB. This indicated the initial rate of melting to
near minimum axis ratio and maximum Zdr. If complete melting of small hail existed it
would be expected in the lowest 1 km to the surface. In examining ρhv, the region of
initial decrease occurred from 3 km to 2 km with 0.98 to 0.97. From 2 km to the surface,
ρhv decreased from 0.97 to 0.91. This decrease was associated with the introduction of
the mixed phase precipitation associated with melting. The lower values of ρhv could be
associated with resonant scattering due to melting of large hydrometeors.
The examination of the vertical structure of polarimetric variables is important in
studying the evolution of small hail melting. Important features to examine include:
deducing the onset of melting, initial rate of melting to near minimum axis ratio and
maximum Zdr, identifying regions of enhanced melting, and magnitude of polarimetric
variables. For this case, the region from 1 km to the surface is the region of enhanced
melting. This also indicated where the region of enhanced negative buoyancy occurred.
This also indicated where the small hail melting began to come to a conclusion.
Trends were discovered when analyzing the evolution of polarimetric variables.
An important feature was the increasing maximum Zdr over the time interval from 2250Z
to 2307Z as well as the decreasing minimum ρhv over the same time interval. The
maximum values of Zdr increased from 4 to 6 dB. It is important to note that there was
hail reported with this event and the increase in maximum Zdr and minimum ρhv may be
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due to melting hail reaching the surface. It is also noted that the initial rate of melting
appeared to increase over the time interval, when analyzing the slope of Zdr. In all 3
figures in the time-series it appeared that complete small melting of hail would have
coincided with steep sub-cloud lapse rate.
4.4 Hydrometeor Identification
Hydrometeor identification was important for this study, especially for identifying
regions of small hail or graupel. The production of small hail or graupel is essential to
the precipitation process of small hail melting. The study of polarimetric observations
strongly indicated the presence of hail melting in the region below 0°C or 3 km. This
study is important to provide additional evidence to particle type. Figure 4.6 is a vertical
slice of particle identification at 2307Z. In a region from 5 to 13 km there was a sizeable
area of small hail or graupel. This area could also be categorized as precipitation ice.
Below 5 km, the category of rain, small hail, and graupel became evident. This was
further evidence of the melting of small hail or graupel. There was also the category of
rain or hail below 5 km, which this would point the areas of larger hail. There was
ground confirmation of hail near Speake at 2304Z. Below 5 km and especially below 3
km there was a region of mixed phase precipitation. One important feature of this study
was the presence of small hail or graupel in the regions above the melting level. The
other important feature of this study was the presence of a mixed phase, which points to
the melting of small hail or graupel. This particle identification was further evidence of
small hail melting in conjunction with the polarimetric variables.
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Figure 4.6: Vertical Plot of Particle Identification at 2307Z for the March 31, 2012 case.
This plot identifies regions of small melting hail important to the development of
negative buoyancy.
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4.5 Hydrometeor Quantification
Hydrometeor quantification is important when analyzing condensate loading.
Condensate loading can provide forcing associated with the vertical continuity equation.
The quantification came from the gridded radar data using Z-M and Zh, Zdr-M
relationship equations. The quantification was divided into a few different hydrometeor
classes including: precipitation ice, non-precipitation ice, mixed-phase precipitation, and
liquid precipitation. Quantifying precipitation ice is also important for identifying
sufficient ice for the small hail melting process. Figure 4.7 is a plot of hydrometeor
quantification over the storm area.

a.)

b.)

Figure 4.7: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification over the storm area at 2307Z for the March 31, 2012 case.
The contour increment for this image is at 5 kg/m2.
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For all hydrometeors there were areas in excess of 25 kg/m2 and very broad area of
greater than 15 kg/m2. For ice precipitation there were areas in excess of 25 kg/m2 with
broader areas greater than 15 kg/m2. This was also evidence of contents of ice
precipitation available for hail melting. A study by Carey and Rutledge (1996) provided
evidence of a precipitation ice associated with an observed microburst. Condensate
loading and hail melting can provide forcing that contributes to vertical momentum and
negative buoyancy.
4.6 Doppler Analysis
A limited Doppler analysis was conducted for this case to show validation that a
convective wind event occurred in conjunction with the SPC storm report. This analysis
consisted of locating an area of divergence association with the event and calculating the
divergence associated with the Doppler velocity. Figure 4.8 is a Doppler velocity image
at 2307Z. The black circle on the image represents the area of enhanced velocity as well
as the area of divergence. The area of divergence was at a range of 45 km from the radar.
This area of enhanced velocity was located near Speake in Lawrence County, AL. In the
area, the velocity changed from 12 m/s to 23.5 m/s over a radial distance of 1 km. The
divergence over this area was 1.13 * 10-2 s-1. The velocity data also showed a wind shift
of 13.4 m/s over a distance of 3.6 km. The Doppler analysis shows sufficient evidence of
the presence that a convective wind event took place in conjunction with the SPC wind
report.
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Figure 4.8: Doppler velocity image at 2307Z for the March 31, 2012 case. The black
circle indicates the area of enhanced divergence and where the divergence calculation
was taken from. The line extending from the radar to the red marker identifies a range of
50 km.

4.7 March, 31 2012 Null Case
A Null case was provided on this case day to provide comparison to the
confirmed convective wind event. The null case was an area convection that did not
receive a wind report associated with SPC. The area of convection was located in eastern
Limestone County, AL around the 2357Z timeframe. The null case environment using
04/01 0Z RUC data, showed a sub-cloud lapse rate of 5.24°C/km. Figure 4.9 shows the
reflectivity for the area of convection under consideration. The storm had reflectivity
values as high as 60 dBZ. The convection was located approximately 22.2 km from the
radar.
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Figure 4.9: This figure is an image of reflectivity (dBZ) at 2357Z for the March 31, 2012
null case. The black circle in the image denotes the area of convection considered for the
study. The line extending from the radar to the red marker identifies a range of 50 km.

Figure 4.10 shows the vertical cross section of polarimetric variables Zh, Zdr, and
ρhv. The surface values for Zh, Zdr, and ρhv were 59 dBZ, 4.75 dB, and 0.9 respectively.
These values were a good indication of hail reaching the surface. In examining Zh, the
maximum of 54 dBZ occurred near the surface. There was also an increase between 3 km
to 1 km, where dielectric properties would be changing due to a change from solid to
liquid. In the region from 3 km to 1km, Zh increased from 48 dBZ to 58 dBZ. In
examining Zdr, the maximum of 4.5 dB occurred near the surface. The initial increase in
Zdr occurred from 3 km to 2 km. From 2 km to the surface, Zdr increased 1 dB to 4.5 dB.
This increase was due to the melting of small hail. This rate of change accounted for the
initial rate of melting to near minimum axis ratio and maximum Zdr. In examining ρhv,
there was a slight decrease in ρhv from 3 km to 2 km, from slightly less than 0.98 to 0.97.
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a.)

b.)

c.)

Figure 4.10. Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv
for the March 31, 2012 null case at 2357Z. The dashed line in the image represents the
0°C isotherm.

This indicated the onset of melting or hydrometeors displaying varying characteristics of
phase, shape, orientation, and dielectric. The greatest rate of change for ρhv occurred
between 2 km to 1 km, where ρhv decreased from 0.97 to 0.94. The magnitude of
maximum Zdr was lower than the wind case and the magnitude of the minimum ρhv was
higher than the wind case.
Hydrometeor quantification for this null case was also provided. Condensate
loading is a forcing mechanism included in the vertical momentum equation. Figure 4.11
shows a plot of hydrometeor quantification over a storm area. For all hydrometeors,
there was maximum regions as great as 15 kg/m2 and broader regions greater than 10
kg/m2. For the ice precipitation, there was a maximum near 4 kg/m2 with broader region
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greater than 2 kg/m2. These values are lower than the convective wind event case for this
day.

a.)

b.)

Figure 4.11. This image indicates the a) total hydrometeor quantification and b) ice
precipitation quantification over the storm area at 2357Z for the March 31, 2012 null
case. The contour increment for a) is 5 kg/m2 and the contour increment for b) is 1
kg/m2.

A Doppler analysis was also conducted for the null case. The Doppler analysis
focused on regions of enhanced velocity as well as regions of divergence. Figure 4.12
shows a velocity image for the null case at 2357Z. The circle over the image highlights
the area of enhanced divergence. In the area, the velocity changed from 13.5 m/s to 3.5
m/s over a radial distance of 1.42 km. There was a wind shift of 10 m/s associated with
the null case. A divergence was calculated to be 7.0 *10-3 s-1.

This was a lower

divergence than what was calculated for the wind case. The observed polarimetric
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Figure 4.12: This is an image of Doppler velocity for the March 31, 2012 null case at
2357Z. The black circle in the image identifies the area of divergence and where the
divergence calculation was taken. The line extending from the radar to the red marker
identifies a range of 50 km.

variables and hydrometeor quantification still points to a strong downdraft with divergent
winds near surface. The analysis for the null case showed considerable results for the
polarimetric study, the hydrometeor quantification, and the Doppler analysis. The null
case hydrometeor quantification was less than the wind case hydrometeor quantification.
The polarimetric observations for the null case showed a lower Zdr and a higher ρhv than
the wind case. These results coupled with a lower sub-cloud lapse rate resulted in lower
divergence for the null case, but still evidence to suggest a strong downdraft existed for
the null case.
There didn’t appear to be any discrepancies between the regions of maximum
melting. Since the melting level is lower than for traditional summer cases it is possible
that complete melting of small hail didn’t occur. If complete melting did occur it would
have been expected near the surface with overlap of the steep sub-cloud lapse rate.
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CHAPTER 5

JULY 29, 2010 CASE

5.1 Case Details
For the July 29, 2010 case there was a SPC storm report 10 miles NW of Athens,
AL in Limestone County at 1820 UTC. The report was for trees and power lines down in
western Limestone County. After further examination of the Doppler velocity data, it
appears this wind event took place in the 1740Z to 1750Z timeframe. Figure 5.1 shows a
reflectivity image to the NW of Athens at 1750Z. The area of convection was at a range
of 37 km from the radar. A full suite of data was available for this case. The data
includes sufficient PPI scans at a full range of elevation angles. Doppler velocity data
was used for this case validation as well as environmental data.
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Figure 5.1. This figure is an image of reflectivity (dBZ) at 1750Z for the July 29, 2010
case. The black circle denotes the area of convection considered for this case. The line
extending from the radar to the red marker identifies a range of 50 km.

5.2 Case Environment
Environmental data is important to consider in conjunction with polarimetric data.
Figure 5.2 shows the sounding for the case at Nashville, TN for 0Z July 30, 2010. Some
of the environmental parameters for this day include: 2255 J/kg CAPE, low/moderate
shear, 0°C at 5.1 km, RH=62% at 0°C, and -5°C at 5.9 km. The Nashville, TN sounding
showed a sub-cloud lapse rate of 5.0°C/km from 2 km to the surface. The 18Z RUC data
showed a sub-cloud lapse rate of 7.6°C/km. From 1.5 to the surface, RUC environmental
data showed a lapse rate of 9.17°C/km.
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Figure 5.2: This image is the Nashville, TN 00Z July 30, 2010 sounding for July 29,
2010 Case. This image provides environmental data for the case such as temperature,
dewpoint, lapse rate, and winds.

This steep sub-cloud lapse rate allowed for maintenance and strengthening of a
downdraft, where the parcel would be cooler than the environment. The sounding also
supports the conjecture of weak wind shear. The wind changed by 7.7 m/s from surface
to 500 mb.
5.3 C-band Polarimetric Observations of Hail Melting
An analysis of polarimetric variables was important to this study, especially when
analyzing the vertical structure of polarimetric variables. It is important to remember that
for this case the 0°C line was at approximately 5 km. This allows for examining of the
evolution of small hail melting. In examining Zh, it is important to recognize an increase
due to dielectric effects caused by phase changes. In examining Zdr, it is important to
consider the increase due to increased dielectric and changing axis ratio as a result of hail
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melting. In examining ρhv, it is important to consider a decrease associated with melting
and particles manifesting a variety of characteristics. Figure 5.3 is a vertical plot of the
polarimetric variables Zh, Zdr, and ρhv at 1750Z. This is the time when the downdraft is
expected to be at its strongest intensity.

a.)

b.)

c.)

Figure 5.3: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
1750Z for the July 29, 2010 case. The dashed line in the image represents the 0°C
isotherm.

For this time period there was a maximum Zh and Zdr of 48 dBZ and 2.9 dB
respectively at 2 km. The minimum of ρhv of 0.95 also occurred at 2 km. After the
maximum in Zh and Zdr there is slight decrease in both variables. For ρhv there was a
slight increase after the minimum. In examining Zh, the largest rate of increase occurred
over the region from 7 km to 4 km, where the variable increased from 42 dBZ to 47 dBZ.
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Most of the increase can be credited to the change in dielectric associated with phase
changes that occurred near 5 km.
In examining Zdr, the initial increase of Zdr occurred between 6 km to 5 km, where
Zdr increased from 0.5 dB to 1.0 dB. This increase is most likely associated with the
onset of hail melting. The greatest rate of change of Zdr occurred between 5 km to 3 km,
where Zdr increased from 1 dB to greater than 2.5 dB. This is evidence of the
continuation of small hail melting. This represented the initial rate of change from 0-1
dB to near maximum Zdr. From 3 km to 2 km the Zdr slightly increased to a maximum
slightly less than 3 dB. From 2 km to the surface Zdr decreased slightly. It is expected
that complete melting occurred from 0.5 to 1.0 km below the maximum Zdr. This would
indicate that the region of enhanced melting most likely occurred from 2 km to 1km.
In examining ρhv, the initial decrease occurred near 6 km. This was most likely
associated with changes in phase and dielectric. The greatest rate of change occurred
from 6 km to 4 km, where ρhv decreased from 0.98 to 0.96. This region is associated with
the continuation of small hail melting. There was a slight difference between Zdr in the
location of the greatest rate of change but the regions do overlap. From 4 km to 2 km
there was slight decrease in ρhv to the minimum. From 2 km to the surface there was
slight increase in ρhv. This also suggests that complete melting of small hail took place
before reaching the surface.
Figure 5.4 shows a vertical plot of the polarimetric variables Zh, Zdr, and ρhv at
1727Z. This was a snapshot around 23 minutes prior to the convective wind event. In
examining Zh, the maximum value of 47 dBZ appeared near 4 km to 2 km. From 7 km to
4 km Zh increased from 42 dbZ to 47 dBZ. This increase was likely associated with
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dielectric effects associated with phase changes. Zh was also enhanced due to hail
melting and beginning to appear as large oblate raindrops with an embedded ice core.
This would increase the horizontal reflectivity due to a larger horizontal axis ratio. Zh
began to decrease slightly below 2 km, this pointed to complete melting of small hail and
eventual breakup of large oblate raindrops. The drops also became less stable when the
ice core completely melts.

a.)

b.)

c.)

Figure 5.4: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
1727Z for the July 29, 2010 case. The dashed line in the image represents the 0°C
isotherm.

In examining Zdr, the maximum value of 3.5 dB appeared near 3 km. The initial
increase occurred between 6 km to 5 km from 0.5 dB to 1.5 dB. This initial increase
above the melting level indicated the potential of a Zdr column. Kumjian et al. (2014)
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defines a Zdr column as a narrow vertical extension of positive Zdr values above the
environmental 0°C level associated with updrafts in deep moist convective updrafts. A
Zdr column occurs when a strong updraft lofts water droplets above the melting level and
enhances Zdr values. As mentioned above, the CAPE was substantial at greater than 2000
J/kg. This CAPE value provides evidence of a strong updraft capable of lofting drops
above the melting level. From 5 km to 3 km, Zdr increased from 1.5 to the maximum of
3.5 dB. The indicated the continuation of small hail melting. This also indicated the rate
of initial melting to near maximum Zdr. It would be expected that complete melting
would take place within a 0.5 km to 1.0 km below maximum Zdr. This would also
indicate the region of enhanced melting. From 3 km to 1 km Zdr decreased slightly to 3.0
dB. This decrease would be expected once the melting of small hail was complete. From
1 km to the surface, Zdr increased slightly.
In examining ρhv, there was an initial decrease beginning at 8 km. From 8 km to 5
km ρhv decreased from 0.97 to 0.9. This decrease is likely associated with ρhv reductions
near the top of a Zdr column (Bringi et al. 1996). Near the top of Zdr columns as lofted
drops begin to freeze there exist a variety of hydrometeor characteristics that lower ρhv.
From 5 km to 2 km, ρhv increased from 0.9 to 0.93. Even though ρhv increased it is still
expected that some degree of hail melting is taking place. From 2 km to the surface, ρhv
decreased from 0.93 to 0.9.
Figure 5.5 shows a vertical plot of polarimetric variables at 1740Z. This would be
approximately 10 minutes prior the convective wind event. In examining Zh, the
maximum occurred near 3 km at 51 dBZ. From 7 km to 5 km, Zh increased from 45 dBZ
to 49 dBZ. The change is most likely driven by the changing dielectric effects. From 5
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km to 3 km, Zh increased slightly from 49 dBZ to 51 dBZ. From 3 km to the surface, Zh
decreased from 51 dBZ to 48 dBZ. The decrease of Zh would be expected as small hail
melting completes.

a.)

b.)

c.)

Figure 5.5: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
1740Z for the July 29, 2010 case. The dashed line in the image represents the 0°C
isotherm.

In examining Zdr, the maximum of 3 dB occurred near 3 km. From 7 km to 5 km,
there was an increase from near 0 dB to 1.5 dB. This increase in Zdr above the melting
level was likely associated with the presence of a Zdr column (Kumjian et al. 2014). The
Zdr column occurs when large drops are lofted above the melting level. From 5 km to 3
km, Zdr increased from 1.5 dB to near 3 dB. This increase in Zdr was associated with the
melting of small hail. It is expected that complete melting occurred from 0.5 km to 1.0
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km below maximum Zdr. This would also indicate the region of enhanced melting. From
3 km to the surface, Zdr decreased slightly.
In examining ρhv, there was a decrease from 8 km to 5 km from 0.98 to 0.95. This
decrease in ρhv was likely associated with ρhv reductions near the top of Zdr column
(Bringi et al. 1996). The reductions in ρhv are caused by freezing of drops near the top of
the Zdr column and a mixture of hydrometeor characteristics. From 5 km to 4 km, ρhv
decreased from 0.95 to 0.94. This decrease in ρhv was likely associated with the melting
of small hail. The minimum ρhv was located near 4 km at 0.94 and remained steady to the
surface. The examination of polarimetric variables in the vertical is important for
identifying features associated with small hail melting. It was important to identify the
initial rate of melting with Zdr. For this case most of the initial melting took place over a
region of 2-3 km vertically. After the initial melting, it is expected that complete melting
occurred within another 0.5-1 km of melting (Meischner et al. 1991). This is
hypothesized using the maximum in Zdr to indicate close to half of the melting process
had taken place. Srivastava (1987) showed modelling results of enhanced melting over a
shallow layer vertical layer.
In examining the evolution of polarimetric variables, there was no apparent
change in the maximum values of Zdr. For all three images the maximum was 3 dB. It is
noted that the rate of initial melting to near maximum Zdr decreased through the time
series. For the 1727Z and 1740Z times, near maximum Zdr occurred near 3 km. For the
1750Z, near maximum Zdr occurred near 2 km. This would allow the area of enhanced
melting to be closer to the steep sub-cloud lapse rate. The steep lapse rate begins at a
depth near 2 km. The coincidence of enhanced melting and steep environmental lapse
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rate are conducive to strengthening of a downdraft.
A Zdr column occurred in the 1727Z and 1740Z times leading up to the convective
wind event (Fig. 5.4 and Fig. 5.5). The 1750Z time showed evidence of a Zdr column but
to a lesser extent than 1727Z and 1740Z. A study by Tuttle et al. (1989) examined a
microburst producing storm in North Alabama associated with Microburst and Severe
Thunderstorm (MIST) project. The study observed a Zdr column within the microburst
producing storm. It appears likely that the presence of Zdr column is evidence of small
hail production due to lofted raindrops that freeze. The presence of precipitation ice in
the form of small hail and graupel is important for this study. Precipitation ice is
important for the hail melting process and condensate loading.
5.4 Hydrometeor Identification
Hydrometeor identification was an important aspect to this study, especially is
locating areas small hail or graupel. It was also important to identify the regions of
mixed phase where small hail or graupel begins to melt. Figure 5.6 shows a vertical plot
of hydrometeor identification at 1750Z. One important feature of this plot was the
substantial core of small hail or graupel from 6 km to 14 km. From 5 km to the surface,
there was an area of mixed phase. This region included PIDs of heavy rain, moderate
rain, hail, and small hail or graupel. This plot coincided well with the polarimetric results
previously described. The polarimetric variables were used to deduce information about
the precipitation processes and the PID validates the precipitation process of hail melting.
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Figure 5.6: This figure is a vertical plot of hydrometeor identification at 1750Z for the
July 29, 2010 case.
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5.5 Hydrometeor Quantification
An analysis of hydrometeor quantification was important for understanding the
process of condensate loading. Condensate loading plays a role in strengthening a
downdraft. Figure 5.7 shows the hydrometeor quantification over the storm area. The
plot showed maximum regions of quantified hydrometeors over the vertical extent of the
storm at greater than 15 kg/m2. A larger area of values greater than 5 kg/m2 existed over
the storm area. For the ice precipitation, there were maximum values near 12 kg/m2 with
a broader region of 4 kg/m2. A study by Carey and Rutledge (1996) showed the presence
of precipitation ice observed with a microburst producing storm. The analysis also
showed a quantity of ice precipitation, which coincides with the PID results and the
polarimetric analysis. The PID showed a core of small hail and graupel and the
polarimetric analysis showed signatures consistent with small hail melting.
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a.)

b.)

Figure 5.7: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification over the storm area at 1750Z for the July 29, 2010 case. The
contour interval for a) is 5 kg/m2 and the contour interval for b) is 4 kg/m2.

5.6 Doppler Analysis
A Doppler analysis was performed to provide validation that a convective wind
event took place and calculate the divergence from the Doppler velocity. Figure 5.8
shows a velocity image at 1750Z. The image showed an enhanced area of velocity and
divergent winds to the northwest of Athens in Limestone County. The area of divergence
was at a range of 36 km from the radar. The data showed an inbound velocity at 17.5 m/s
and an outbound velocity at 6.5 m/s over a radial distance of 2.5 km. There was a wind
shift of 23.6 m/s for this case. The divergence was calculated to be 9.66 * 10-3 s-1.
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Figure 5.8: This is an image of Doppler velocity at 1750Z for the July 29, 2010 case.
The black circle in the image indicates the area of divergence and where the divergence
calculation was taken. The line extending from the radar to the red marker identifies a
range of 50 km.

The Doppler analysis provided confirmation of near surface divergence in conjunction
with a reported convective wind event. The near surface divergence also coordinated
with the environment, the polarimetric signatures of hail melting, and the presence
condensate loading.
5.7 July 29, 2010 Null Case
A null case was identified on the same case day in northern Limestone County
near 1730Z. This was an area of convection where an SPC reported convective wind
event did not occur. Figure 5.9 shows the reflectivity image of the area of convection in
Limestone County, AL. The area of convection was at a range of 37 km from the radar.
The environment for the null should have been similar to the wind case due to the
closeness in temporal and spatial proximity.
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Figure 5.9: This figure is an image of reflectivity (dBZ) for the July 29, 2010 null case at
1730Z. The black circle in the image denotes the area of convection considered for this
study. The line extending from the radar to the red marker identifies a range of 50 km.

Figure 5.10 shows a vertical plot of polarimetric variables for the null case at
1730Z. In examining Zh, there was an increase from 35 dBZ to 45 dBZ over the region
from 7 km to 4 km. This increase can be explained by the change in dielectric due to a
change in phase. In examining Zdr, there was an increase from 1 dB to 2.5 dB over the
region from 5 km to the surface. This increase below the melting level indicated some
extent of melting of ice. In examining ρhv, there was a decrease from 0.98 to slightly
greater than 0.92 over a region from 2 km to the surface. This decrease in ρhv is likely
associated with varying particle characteristics within the mixed phase region. The
examination of polarimetric variables points to evidence of potential small hail melting.
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a.)

b.)

c.)

Figure 5.10: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv
for the July 29, 2010 null case at 1730Z. The dashed line in the image represents the 0°C
isotherm.

Figure 5.11 shows hydrometeor quantification for the null case at 1730Z. There
were maximum regions of greater than 8 kg/m2 and larger regions greater than 6 kg/m2.
For ice quantification there were regions greater than 3 kg/m2 with broader regions of
greater than 2 kg/m2. Quantifying hydrometeors is important for identifying ice available
for the hail melting process.
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a.)

b.)

Figure 5.11: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification for the storm area at 1730Z for the July 29, 2010 null case.
The contour interval for a) is 2 kg/m2 and the contour interval for b) 1 kg/m2.

The Doppler anaylsis was done for the null case to provide comparison to the
Doppler analysis for the wind case. A Doppler analysis also provides comfirmation of a
convective wind event or an area of enhanced divervgence near the surface. Figure 5.12
shows a base velocity image for the null case at 1730Z. A black circle denotes the area
of interest, where there was a divergent wind pattern. The wind pattern changed from 3.5
m/s incoming to 7.5 m/s incoming over a radial distance 0.78 km. There was a 6.2 m/s
wind shift associated with the null case. The calculated divergence for this case was 5.2
* 10-3 s-1, which is significantly lower than for the wind case. The area of divergence was
38 km from the radar.
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Figure 5.12: This is an image of Doppler velocity for the July 29, 2010 null case at
1730Z. The black circle in the image indicates the area of divergence and where the
divergence calculation was taken. The line extending from the radar to the red marker
identifies a range of 50 km.

In comparing the null case with the confirmed wind case, the polarimetric
signatures were more enhanced in the convective wind case than the null case. The wind
case polarimetric analysis showed regions of enhanced melting due to the rate of change
below the melting level for ρhv and Zdr. The null case polarimetric analysis showed a less
pronounced rate of change for Zdr. It appeared that small hail melting played a larger role
for the wind case. The hydrometeor quantification was larger for the wind case in total
hydrometeors and ice.
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CHAPTER 6

JULY 26, 2010 CASE

6.1 Case Details
For the July 26, 2010 case there was SPC wind report for a storm NE of Athens,
AL at 2015Z. Figure 6.1 shows a reflectivity image of the storm at 1951Z. The area of
convection was at a range of 28 km from the radar. ARMOR was used to analyze this
case using polarimetric and Doppler velocity capabilities. Sector scans at a full range of
elevation angles were achieved for this case. In further study of this case it appeared that
the convective wind event occurred closer 1950 to 2000 UTC. It is also worth noting that
ARMOR data was erroneous past 1954Z.

62

Figure 6.1: This is an image of reflectivity (dBZ) for the July 26, 2010 case at 1951Z.
The black circle in the image represents the area of convection considered for this case.
The line extending from the radar to the red marker identifies a range of 50 km.

6.2 Case Environment
An analysis of the environment is important for recognizing conditions favorable for the
development of strong downdrafts. Figure 6.2 shows a skew-T at Birmingham, AL for
July 27 0:00 UTC. Figure 28 shows very low shear and a very steep sub-cloud lapse rate.
The steep lapse rate occurred from approximately 2.5 km to the surface. The
Birmingham, AL July 27 0Z sounding showed a sub-cloud lapse rate of 8.4°C/km. Using
RUC data near the convective wind event site at 20Z, there was a sub-cloud lapse rate of
8.26°C/km. From 1.5 km to near surface, RUC data showed a lapse rate of 9.92°C/km.
The lapse rate from 1.5 to near surface is unstable and suitable for strengthening and
maintenance of a downdraft. Some of the other environmental parameters for this day
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Figure 6.2: This image is the environmental sounding at Birmingham, AL on July 27
00Z for the July 26, 2010 case.

include: 2464 J/kg CAPE, 0°C at 5.0 km, RH=43% at 0°C, and -5°C at 5.9 km. The wind
changed by less than 2.6 m/s from the surface to 500 mb. It was apparent that conditions
were favorable for the development of convection and strong downdrafts.
6.3 C-band Polarimetric of Small Hail Melting
The use of polarimetric radar is useful for identifying regions of small hail
melting. This has been identified as a contributor to strengthening a downdraft. Figure
6.3 shows a vertical plot of the polarimetric variables Zh, Zdr, and ρhv at 1951Z. In
examining Zh, the maximum of near 50 dBZ occurred near 4 km. This maximum
appeared to be associated with an increase due to changing dielectric associated with
phase changes. From 6 km to 4 km, Zh increased from 46 dBZ to 50 dBZ. This increase
was likely due to enhanced reflectivity due to enhanced dielectric response.
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a.)

b.)

c.)

Figure 6.3: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
1951Z for the July 26, 2010 case. The dashed line in the image represents the 0°C
isotherm.

The enhanced dielectric response was caused by the process of melting. From 4 km to
the surface, Zh decreased from 50 to 47 dBZ.
In examining Zdr, the maximum occurred near 3 km at slightly greater than 3 dB.
From 6 km to 5 km, Zdr increased from near 1 dB to near 2 dB. This large increase above
the melting level of approximately 5 km is likely due to a Zdr column. Kumjian et al.
(2014) defines a Zdr column as a narrow vertical extension of positive Zdr values above
the environmental 0°C level associated with updrafts in deep moist convective updrafts.
This enhancement would be associated with large oblate raindrops being lofted above the
0°C level. This process would enhance Zdr above the melting level. A strong updraft
would enhance the capability of this process to take shape. As mentioned above, the
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CAPE for this case day was greater than 2000 J/kg. This provides evidence for a strong
updraft capable of lofting large drops above the melting level. From 5 km to 4 km, Zdr
continued to increase from 2 to 3 dB. As the small hail melts it develops a coat of water
that causes the particle to exhibit characteristics of a large oblate raindrop. This will
lower the axis ratio and increase the Zdr. The maximum in Zdr does not indicate the
completion of melting since there still exists the ice core embedded within the
surrounding raindrop. After maximum Zdr at 3 km the ice core will continue to melt.
From 3 km to the surface, Zdr decreased from 3 dB to near 2 dB. It is expected that
complete melting of most small hail took place between near 3 km to 1 km.
In examining ρhv, the minimum of 0.94 occurred near 3km. This minimum
coincides closely with the maximum in Zdr. From 7 km to 5 km, ρhv decreased from 0.98
to 0.96. This decrease is likely associated with reductions near the top of Zdr columns.
A study by Bring et al. (1996) described observations of ρhv associated with Zdr columns.
Near the top of Zdr columns the lofted drops will begin to freeze. The frozen drops are
likely in the presence of super cooled drops, partially frozen drops, and cloud droplets.
This mixture of hydrometeor shapes, phases, and orientations will cause a lowering of
ρhv. From 5 km to 3 km, ρhv decreased from 0.96 to 0.94. This decrease is associated
with the presence of mixed phase hydrometeors exhibiting varying characteristics in the
melting layer. From 3 km to the surface, ρhv increased from 0.94 to 0.96.
Figure 6.4 shows a vertical plot of the polarimetric variables Zh, Zdr, and ρhv at
1930Z. Examining Zh, the maximum of 56 dBZ occurred near 4 km. From 7 km to 4
km, Zh increased from 54 dBZ to 56 dBZ. The increase is likely due to enhanced
dielectric associated with phase change. From 4 km to the surface, Zh decreased 56 dBZ
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to 52 dBZ. It should also be noted that Z ~ d6 (d: diameter), which causes a larger return
for the partially melting, larger hydrometeors. As the particles completely melt, they will
break up and become smaller and exhibit a lower Zh.

a.)

b.)

c.)

Figure 6.4: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), c) ρhv at
1930Z for the July 26, 2010 case. The dashed line in the image represents the 0°C
isotherm.

In examining Zdr, the maximum of 4.6 dB occurred near 3 km. From 7 km to 5
km, Zdr increased from near 0 dB to 3.0 dB. This increase in Zdr above the melting level
indicated the presence of a Zdr column (Kumjian et al. 2014). The updraft lofted drops
enhance Zdr when lofted above the melting level. From 5 km to 3 km, Zdr increased from
3 dB to 4.5 dB. This enhancement in Zdr below the melting level indicated small hail
taking on the shape of large raindrops as they melt. Once near maximum Zdr is reached,
continual melting of the inner ice core will continue. From 3 km to 2 km, there was a
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very slight decrease in Zdr. It would be expected that complete melting of small hail
occurred near 2 km. The steep sub-cloud lapse rate extends from 2 km to the surface, so
the enhanced melting possibly occurred slightly above the beginning of the sub-cloud
lapse rate.
In examining ρhv, the minimum of 0.85 occurred near 4 km. From 8 km to 5 km,
ρhv decreased from 0.98 to 0.87. This significant decrease in ρhv above the melting level
was likely associated with reductions near the top of a Zdr column (Bringi et al. 1996).
Near the top of Zdr columns there is a mixture of hydrometeors phases when the lofted
drops begin to freeze. From 5 km to 4 km, ρhv decreased from 0.87 to 0.85. This
decrease is associated with varying hydrometeor characteristics in the mixed phase region
as hail melts. The very low ρhv is likely associated with resonant scattering due to large
melting hydrometeors. From 4 km to 1 km, ρhv increased from 0.85 to 0.9. This pointed
to continual melting of the larger particles and complete melting and breakup leading to
increased ρhv.
Figure 6.5 shows a vertical plot of the polarimetric variables Zh, Zdr, and ρhv at
1944Z. This was approximately 7-10 minutes prior to the convective wind event. In
examining Zh, the initial maximum of 50 dBZ occurred near 4 km. The near surface
value reached the maximum of 50 dBZ as well. From 6 km to 4 km, Zh increased from
47 dBZ to 50 dBZ. This increase was associated with enhanced dielectric due to the
melting of large frozen hydrometeors. From 4 km to 2 km, Zh decreased very slightly.
The decrease was likely due to continued melting of frozen hydrometeors and smaller
drops being shed as the melting process continued.
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a.)

b.)

c.)

Figure 6.5: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv at
1944Z for the July 26, 2010 case. The dashed line in the image represents the 0°C
isotherm.

In examining Zdr, the maximum of slightly greater than 3 dB occurred near 3 km.
From 7 km to 4 km, Zdr increased from 0 dB to near 2 dB. The increased Zdr above the
melting level is likely due to a Zdr column (Kumjian et al 2014). The Zdr column
occurred when large drops are lofted above the melting level. From 5 km to 3 km, Zdr
increased from near 2 dB to 3 dB. The increase in Zdr would be associated with the
lowering axis ratio of the melting hydrometeor. Near maximum Zdr was reached near 3
km. From 3 km to 2km, Zdr decreased very slightly. The decrease indicates that the
particles are nearing complete melting and breakup. Complete melting would likely
occur near 2 km to 1 km. Enhanced melting could have been coincident with the steep
sub-cloud lapse rate.
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In examining ρhv, the minimum of 0.93 occurred near surface. From 8 km to 5
km, ρhv decreased from 0.98 to 0.95. This decrease is likely associated with ρhv
reductions near the top of Zdr columns (Bringi et al. 1996). This occurs when the lofted
drops begin the freeze and introduce a range of hydrometeor characteristics. From 5 km
to 3 km, ρhv decreased from 0.95 to slightly less than 0.94. This decrease is associated
with varying hydrometeor characteristics in the mixed phase region. From 3 km to 1 km,
ρhv deceased to 0.93.
In examining evolution of polarimetric variables, the largest maximum Zdr
occurred prior to the convective wind event time. The study observed a Zdr column
within the microburst producing storm at 1930Z, 1944Z, 1951Z. It appears likely that the
presence of Zdr column is evidence of small hail production due to lofted raindrops that
freeze. At 1951Z the Zdr column was not as pronounced as seen at 1930Z and 1944Z.
The max Zdr level did not change over the time interval. The presence of precipitation ice
in the form of small hail and graupel is important for this study. Precipitation ice is
important for the hail melting process and condensate loading. For all three images it
appeared that enhanced melting occurred near 3 km to 1km. This gross estimation was
taken from the occurrence of the Zdr max (or axis ratio minimum). Once maximum Zdr is
reached it is expected that enhanced melting of small hail or graupel is expected over the
next 1-2 km.
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6.4 Hydrometeor Identification
Hydrometeor identification is important for categorizing the varying
characteristics of frozen and liquid precipitation particles. It is useful to point out the
regions of small hail or graupel as well as the mixed phase region where melting of small
hail takes place. Figure 6.6 shows the vertical plot of PID for this case at 1951Z. Above
5 km, there were significant regions of hail and small hail/graupel. From 6 km to
approximately 2 km, there existed a variety of particle types including, rain/small
hail/graupel, rain/hail, heavy rain, and moderate rain. Below 2 km, there existed mainly
heavy and moderate rain. It is important to note small hail/graupel from 5 km to 14 km
as well as rain/small hail/graupel from 6 km to 2 km. This PID coordinates well with the
results from vertical examination of polarimetric variables.
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Figure 6.6: This figure is a plot of hydrometeor identification at 1951Z for the July 26,
2010 case.
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6.5 Hydrometeor Quantification
Hydrometeor quantification is useful for identifying regions where condensate
loading contribute to the strengthening the downdraft. It is also important to quantify the
amount of ice precipitation within convection to show that small hail or graupel was
available for the melting process. The quantification analysis looks at the storm area
integrated quantification for all hydrometeors as well as ice precipitation. Figure 6.7
shows storm quantification at 1951Z. For all hydrometeors there existed maximum
regions exceeding 16 kg/m2. There were large areas of at least 10 kg/m2. For ice
precipitation there existed maximum regions of greater than 5 kg/m2 with broader areas
of at least 3 kg/m2. A study by Carey and Rutledge (1996) showed the presence of
precipitation ice for a storm that produced a microburst. The quantification of
hydrometeors is useful for identifying condensate loading within a storm as well as ice
precipitation available for the hail melting process.
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a.)

b.)

Figure 6.7: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification for the storm area at 1951Z for the July 26, 2010 case. The
contour interval for a) is 5 kg/m2 and the contour interval for b) is 1 kg/m2.

6.6 Doppler Analysis
The Doppler velocity analysis was used to identify regions of divergence from 1
km to the surface. Identifying near surface divergence was a good way to validate the
SPC storm report for this case. Knupp (1988) made note that the downdraft is strongest
from 1 km to the surface. Figure 6.8 shows an image of Doppler velocity for the case at
1954Z. A black circle was used to denote the area of broad divergence. For this case, the
winds changed from -5.5 m/s to -15.5 m/s over a radial distance of 1.7 km. A wind shift
was of 18 m/s over a distance of 3.7 km was associated with this event. A divergence of
6 * 10-3 s-1 was calculated for this storm from the velocity data. The area of divergence
was at a range of 37.4 km from the radar.
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Figure 6.8: This is an image of Doppler velocity at 1954Z for the July 26, 2010 case.
The black circle in the image denotes the area of divergence and where the divergence
calculation was taken. The line extending from the radar to the red marker identifies a
range of 50 km.

6.7 July 26, 2010 Null Case
A null case was selected from this case day to compare to the confirmed wind
case. The null case area of convection was located in western Madison County, AL at
1954Z. Figure 6.9 shows a reflectivity image of the null case at 1954Z. The area of
convection was at a range of 22.8 km from the radar. The environment for the null case
should be very similar to the wind case due to the close temporal and spatial proximity.
The null case analysis focused on a polarimetric analysis, a hydrometeor quantification
analysis, and a Doppler velocity analysis.
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Figure 6.9: This is an image of reflectivity (dBZ) for the July 26, 2010 null case at
1954Z. The black circle in the image represents the area of convection considered for the
null case. The line extending from the radar to the red marker identifies a range of 50
km.

Figure 6.10 shows a plot of the vertical structure of the polarimetric variables Zh,
Zdr, and ρhv. In examining Zh, the initial maximum of 50 dBZ occurred near 3 km. From
5 km to 3 km, Zh increased from 44 dBZ to 50 dBZ. This increase was due to the
enhanced dielectric effect during the onset of the melting process. The increase in Zh
could also be due to particles exhibiting a larger diameter caused by a layer of melt water.
From 3 km to the surface, Zh decreased slightly then increased near the surface.
In examining Zdr, the initial maximum of 4 dB occurred near 3 km. From 5 km to
3 km, Zdr increased from near 1 dB to near 4 dB. This increase is associated with the
melting of small hail. This indicated the initial rate of small hail melting from 0-1 dB to
near maximum Zdr. The initial rate of melting appeared to have occurred over 2 km
vertically. It would be expected that complete melting occurred over the next 0.5 to 1.0
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km vertically.

This indicated that completion of melting occurred near 2 km. Also the

enhanced area of melting would be expected between 3 km to 2 km.

a.)

b.)

c.)

Figure 6.10: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv
for the July 26, 2010 null case at 1954Z. The dashed line in the image represents the 0°C
isotherm.

From 3 km to 1 km, Zdr decreased from 4 dB to 3 dB. This decrease also suggested the
completion of in this region. From 1 km to the surface, Zdr increased from 3 dB to 4 dB.
In examining ρhv, the initial minimum of 0.93 occurred near 4 km. From 6 km to 4
km, ρhv decreased from 0.96 to 0.93. This decrease is associated with the presence of the
mixed phase layer. From 3 km to 1 km, ρhv increased 0.93 to 0.95. This increase pointed
to completion of melting within the mixed phase region. From 1 km to the surface, ρhv
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decreased from 0.95 to slightly less than 0.92. The increased Zh and Zdr near the surface
as well as the decreased ρhv near the surface could indicate hail reaching the surface.
Figure 6.11 shows a plot of hydrometeor quantification and ice precipitation
quantification for the null case at 1954Z. The total hydrometeor quantification includes

a.)

b.)

Figure 6.11: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification for the storm area at 1954Z for the July 26, 2010 null case.
The contour interval for a) is 2 kg/m2 and the contour interval for b) is 0.5 kg/m2.

ice and liquid hydrometeors within the area of convection. The total hydrometeor
quantification showed maximum values greater than 10 kg/m2 with broader areas of 6
kg/m2. For the ice precipitation quantification maximum value was near 1.5 kg/m2 with
broader areas of greater than 1.0 kg/m2. The ice precipitation quantification represents
the amount of ice above the -5°C line available for the hail melting process.
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The use of Doppler velocity is used to identify features associated with a strong
downdraft reaching the surface. Figure 6.12 shows a Doppler velocity image at 1954Z.
The use of Doppler velocity data was used to identify near surface divergence. The
divergence was located at a range of 23.7 km from the radar. The velocity changed from
4 m/s inbound to 11 m/s inbound over a radial distance of 1 km. A wind shift of 6.7 m/s
was associated with the null case. A divergence was calculated at 7.0 * 10-3 s-1.

Figure 6.12: This is an image of Doppler velocity for the July 26, 2010 null case at
1954Z. The black circle in the image denotes the area of divergence and where the
divergence calculation was taken. The line extending from the radar to the red marker
identifies a range of 50 km

In comparing the wind case with the null case the main difference existed in the
amount of ice precipitation. The wind case showed maximum ice precipitation content
near 5 kg/m2 while the null case showed maximum ice precipitation near 1.5 kg/m2. This
represents the ice content available for hail melting. The hydrometeor quantification for
all hydrometeors was also larger for the wind case. It appeared that the completion of
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hail melting may have occurred earlier for the null case with the initial rate occurring
over a smaller depth than the wind case. It appeared that the maximum area of melting
for the wind case had greater overlap of the steep sub-cloud lapse rate. The calculated
divergence was similar for both cases but the broad area of divergence was visibly seen
in the velocity image. Also there were considerably higher values of velocity for the
wind case.
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CHAPTER 7

JULY 27, 2012 CASE

7.1 Case Details
For this case, there was an SPC reported convective wind event near Geraldine in
Dekalb County, AL at 2055Z. The report consisted of trees and power lines down.
Figure 7.1 shows an image of reflectivity at 2052Z for the case. The area of convection
was at a range of 74 km from the radar. This case used polarimetric data from ARMOR
at sufficient elevation angles to capture the full vertical extent of the storm. This was
helpful for examining the precipitation processes within the storm. This case also used
Doppler velocity data to identify regions of enhanced wind velocity.
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Figure 7.1: This is a reflectivity (dBZ) image for the July 27, 2012 case at 2052Z. The
black circle in the image represents the area of convection considered for this case. The
line extending from the radar to the red marker identifies a range of 100 km.

7.2 Case Environment
The environment plays a large role in the development of strong downdrafts that
lead to convective wind events. The environment was examined at both Birmingham,
AL and Nashville, TN. Figure 7.2 shows the image of the skew-T for Nashville for July
28 at 0Z. The more important features of the environment considered for this study
include the height of the 0°C line and the sub-cloud lapse rate. Knupp (1987) pointed out
the importance of the sub-cloud lapse rate for the production of a strong downdraft. As
previously mentioned, a steep sub-cloud lapse rate provides a situation where the parcel
will be cooler than the surrounding environment. The skew-T for Nashville shows a very
steep sub-cloud lapse rate closely resembling dry adiabatic. The Nashville, TN July 28
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Figure 7.2: This is image of the Skew-T of the sounding from Nashville, TN at July 28
00Z. This sounding contains environmental information for the July 27, 2012 case.

0Z sounding showed a sub-cloud lapse rate of 9.14°C/km from 1.5 km to near surface.
The RUC data showed a sub-cloud lapse rate of 9.6C/km. The Nashville, TN sounding
and the RUC data showed a very unstable lapse rate for this case. Some of the other
environmental parameters at Nashville include 1860 J/kg CAPE, a 0°C line near 4.5 km,
and light to moderate influence associated with wind shear. The wind changed by 12.9
m/s from the surface to 500 mb.
7.3 C-band Polarimetric Observations of Small Hail Melting
This portion of the study is important for identifying signatures that are consistent
with the process of small hail melting. Figure 7.3 shows the vertical plot of polarimetric
variables Zh, Zdr, and ρhv. In examining Zh, the maximum value occurred near 2 km at
47dBZ.

83

a.)

b.)

c.)

Figure 7.3: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv for
the July 27, 2012 case at 2052Z. The dashed line in the image represents the 0°C
isotherm.

From 5 km to 4 km, Zh increased from 42 to 46 dBZ. This increase is likely associated
with changing dielectric effects due to melting of hydrometeors. In examining Zdr, the
maximum value occurred near the surface at 3.5 dB. From 6 km to 5 km, Zdr increased
from 1 dB to almost 2 dB.

From 5 to 3 km, Zdr increased from 2 dB to slightly greater

than 3 dB. From 3 km to 1 km, the Zdr increased from 3 dB to 3.5 dB. The increase in
Zdr from 5 km to 1 km is representative of hail melting profile below the melting level.
When small hail begins to melt and take on the shape of large oblate raindrop the results
in an increase in Zdr. The enhancement in Zdr above the melting appears to be associated
with a Zdr column. The near maximum Zdr appeared to occur in the lowest 2 km. This
mean that enhanced melting of small hail would have been coincident with the region of
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the steep sub-cloud lapse rate.
In examining ρhv, the minimum value occurred near 4 km at slightly greater than
0.95. From 6 km to 4 km, ρhv decreased from 0.98 to a minimum slightly greater than
0.95. The decrease in ρhv above the melting level appears to be associated with freezing
of drops near the top of a Zdr column. From 4 km to the surface, ρhv increased to near
0.96. This profile of ρhv is not good example of a traditional melting profile. The
traditional melting profile would show the largest change in ρhv below the melting level.
Figure 7.4 shows a vertical plot of polarimetric variables Zh, Zdr, and ρhv at 2032Z.
This was 23 minutes prior to the convective wind event. In examining Zh, the maximum
occurred near 3 km at 52 dBZ. From 5 km to 3 km Zh increased from 47 dBZ to 52 dBZ.
This increase was associated with the changing dielectric properties of hydrometeors as
melting began to take place. From 3 km to the surface, Zh decreased from 52 to 49 dBZ.
In examining Zdr, the maximum occurred near 2 km at slightly greater than 3.5
dB. From 8 km to 5 km, Zdr increased from 1 dB to 2 dB. This increase in Zdr above the
melting level indicated the presence of a Zdr column. From 5 km to 2 km, Zdr increased
from 2 dB to near 4 dB. This increase below the melting level indicated process of small
hail melting was taking place. Since near maximum Zdr occurred near 2 km, complete
melting of small melting should occur in the lowest 2 km. From 1 km to the surface, Zdr
decreased slightly to 3.5 dB. The slight decrease pointed to the completion of melting.
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a.)

b.)

c.)

Figure 7.4: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv for
the July 27, 2012 case at 2032Z. The dashed line in the image represents the 0°C
isotherm.
In examining ρhv, the minimum occurred near 3km at 0.93. From 8 km to 5 km,
ρhv decreased from 0.97 to 0.94. The decrease in ρhv above the melting level indicated
the presence of a Zdr core. From 4 km to 3 km, ρhv decreased from 0.94 to 0.93. The
continued and slight lowering of ρhv points to the process of melting taking place below
the 0°C level. From 3 km to the surface, ρhv increased slightly from 0.93 to slightly
greater than 0.94.
Figure 7.5 shows a plot of polarimetric variables Zh, Zdr, and ρhv at 2044Z. This
was 11 minutes prior to the convective wind event. In examining Zh, the maximum
occurred near 1 km at 50 dBZ. From 6 km to 4 km, Zh increased from 45 dBZ to 47 dBZ.
The increase was likely due to changes in dielectric properties associated with melting of
hydrometeors.
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a.)

b.)

c.)

Figure 7.5: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv for
the July 27, 2012 case at 2044Z. The dashed line in the image represents the 0°C
isotherm.

In examining Zdr, the maximum of 3.5 dB occurred near 1 km. From 6 km to 4.5
km, Zdr increased from 1 dB to slightly greater than 2 dB. The increase in Zdr above the
melting level indicated the presence of a Zdr core. From 4.5 km to 3 km, Zdr increased
slightly from 2 dB to slightly less than 3.5 dB. From 3 km to 1 km, Zdr increased to near
3.5 dB. The increase in Zdr below the melting level is indicative of the hail melting
signature. The increase in Zdr above the melting level seems to indicate the presence of a
Zdr column but further examination of the PPI data showed no evidence for a Zdr column.
The near maximum Zdr occurred near the lowest 2 km and is closely coincident with the
steep sub-cloud lapse rate. The sub-cloud lapse rate extends from 1.5 km to the surface.
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In examining ρhv, the minimum occurred at 3 km near 0.96. From 6 km to 4.5
km, ρhv decreased from 0.98 to slightly greater than 0.96. From 4.5 km to 3 km, ρhv
decreased slightly to 0.96. From 3 km to 1 km, ρhv increased to slight greater than 0.96.
Most of the decrease in ρhv occurred above the melting level and does not indicate a
typical profile of hail melting.
A time series evolution of polarimetric variables was observed. At 2052Z, there
were was a hail melting signature associated with enhanced Zdr below the melting level.
A melting signature was present at 2032Z and 2044Z. For all three analysis periods,
maximum Zdr appeared to occur near 2 km to the surface. It was expected that enhanced
melting would have occurred in the lowest 2 km and was likely coincident with the steep
sub-cloud lapse rate.
7.4 Hydrometeor Identification
This portion of the study is important for identifying regions of small hail or graupel in
the PID. The regions of small hail and graupel are identified in regions above the melting
level. It is also important to identify the transition from small hail or graupel to liquid
precipition. Figure 7.6 shows a vertical plot of PID for the case at 2052Z. From 5 km to
12 km, there was a sizable region of small hail or graupel within the convective region.
Below 5 km, there was a transition from small hail or graupel, to rain with small hail or
graupel as well as heavy rain. This PID compared well with the polarimetric analysis that
showed signatures consistent with the melting of small hail or graupel.
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Figure 7.6: This figure is a vertical plot of hydrometeor identification for the July 27,
2012 case at 2052Z.
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7.5 Hydrometeor Quantification
An examination of hydrometeor quantification is important for considering the
role of condensate loading on the strengthening of the downdraft. For this case, a
calculation was made for hydrometeor quantification over the storm area. Figure 7.7
shows a plot of hydrometeor quantification of the convective area. The maximum of
integrated hydrometeor mass was greater than 20 kg/m2. There was a broader region of
hydrometeor mass greater than 10 kg/m2. For ice precipitation, there existed a maximum
of near 8 kg/m2 with broader regions of 6 kg/m2. Ice precipitation quantification
accounted for the amount ice available for the hail melting process. A study by Carey
and Rutledge (1996) showed the presence of precipitation ice associated with an observed
microburst.

a.)

b.)

Figure 7.7: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification for the storm area at 2052Z. The contour interval for a) is 5
kg/m2 and the contour interval for b) is 2 kg/m2.
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7.6 Doppler Analysis
A Doppler analysis was provided for this case to show evidence of strong winds
near the surface. A calculation of near surface divergence was made to provide
validation of a convective wind event in conjunction with the SPC wind report. Figure
7.8 shows a Doppler velocity image at 2044Z. A black circle denotes the area of
divergence in the winds. The area of divergence was located at a range of 66.5 km from
the radar. In this region, the winds changed from 7 m/s to 15 m/s outbound over a radial
distance of 1.2 km. A 7.7 m/s wind shift was associated with this event case. A
divergence was calculated at 6.6 * 10-3 s-1.

Figure 7.8: This is an image of Doppler velocity for the July 27, 2012 case at 2044Z.
The black circle in the image represents the area of divergence and where the divergence
calculation was taken. The line extending from the radar to the red marker identifies a
region of 100 km.
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7.7 July 27, 2012 Null Case
The null case for this case day considered an area of convection located in eastern
Lauderdale County, AL. The criteria for this being a null case was the absence of a SPC
storm report identified with this storm. The sub-cloud lapse rate for the null case was
slightly steeper than the wind case at 10.48°C/km. Figure 7.9 shows the image of radar
reflectivity for the null case at 1855Z. The area of convection was at a range of 49 km
from the radar. The null case examination will involve examining polarimetric data,
hydrometeor quantification, and Doppler velocity analysis.

Figure 7.9: This is an image of reflectivity for the July 27, 2012 null case at 1855Z. The
black circle in the image represents the area of convection considered for this null case.
The line extending from the radar to the red marker identifies a range of 50 km.

Figure 7.10 shows a vertical plot of polarimetric variables Zh, Zdr, and ρhv 1855Z.
This examination is important to identify the process of small hail melting. In examining
Zh, the maximum occurred near 3 km at 53 dBZ. From 5 km to 3 km, Zh increased from
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48 dBZ to 53 dBZ. This increase was likely associated with dielectric effects that
occurred due to phase change. In examining Zdr, the maximum occurred 2 km at 3.5 dB.
From 6 km to 4 km, Zdr increased from 1 dB to just less than 3 dB. This increase is most
likely associated with process of small hail melting. This initial increase was
representative of the initial melting of the hailstone to minimum axis ratio or maximum
Zdr. In examining ρhv, the minimum occurred near 2 km at 0.92. From 4 km to 2 km, ρhv
decreased from 0.94 to 0.92. This decrease was likely associated with the presence of a
mixed phase region. In examining the polarimetric variables for the null case it appeared
that the process of small hail melting was taking place.

a.)

b.)

c.)

Figure 7.10: Vertical plot of polarimetric variables a) Zh (dBZ), b) Zdr (dB), and c) ρhv
for the July 27, 2012 null case at 1855Z. The dashed line in the image represents the 0°C
isotherm.
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Figure 7.11 shows a plot of the hydrometeor quantification over the storm area at
1855Z. Hydrometeor quantification is important when considering the role condensate
loading has on strengthening a downdraft. There were two areas of hydrometeor
a.)

b.)

Figure 7.11: This figure indicates the a) total hydrometeor quantification and b) ice
precipitation quantification for the storm area at 1855Z. The contour interval for a) is 5
kg/m2 and the contour interval for b) is 2 kg/m2.

quantification with maximum near 20 kg/m2. There was a large area of at least 15 kg/m2
for this area of convection. For ice precipitation, there existed a maximum of 10 kg/m2
with broader regions of greater 6 kg/m2.
Figure 7.12 shows an image of Doppler velocity for the null case at 1855Z.
Doppler velocity was used to identify a region of near surface divergence, if it existed.
The image identifies the region of divergence with a black circle. The area of divergence
was located at a range of 49 km from the radar. In this region, the wind changed from 7
m/s to -17.5 m/s over a radial distance of 1.5 km.
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Figure 7.12. This is an image of Doppler velocity for the July 27, 2012 null case at
1855Z. The black circle in the image represent the area divergence and where the
divergence was calculated. The line extending from the radar to the red marker identifies
a range of 50 km.

A wind shift of 15 m/s over a distance of 4 km was associated with the null case. A
divergence of 7.0 * 10-3 s-1 was calculated for this null case using the velocity data.
Based on the information gathered from the null case there was sufficient downdraft
forcing to create a strong downdraft even if the storm didn’t warrant a SPC report.
In comparing the wind case to the null case there weren’t any strong quantifiable
differences. It appeared that the null case was producing strong winds near the surface
based on the velocity data. It would be expected that convection with less ice
precipitation contents and less pronounced polarimetric signatures would not produce a
strong downdraft.
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CHAPTER 8

DISCUSSION AND CONCLUSION

The next step in this study is to discuss the significant information taken from
results in each case beneficial to nowcasting convective wind events. A compilation of
the metrics taken from each case is beneficial to see what conclusions can be made
toward nowcasting convective wind events. This study focused on the use of dualpolarimetric radar when examining confirmed convective wind events. The use of
polarimetric radar is important for identifying the precipitation process of hail melting.
The analysis of polarimetric variables also brought about the conjecture of gross
estimation of complete melting of small hail or graupel. The ability to identify regions of
small hail or graupel was important to the study with PID and quantification.
Important metrics taken from each case include: maximum Zdr, total hydrometeor
quantification, ice quantification, divergence, and near surface wind shift. Table 8.1
provides the important metrics from each case including the coincident null cases.
Considering the March 31, 2012 confirmed wind case and null case, all of the metrics
from table 8.1 were higher in magnitude for the confirmed case than the null case.
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Table 8.1: This table is a list of cases with and coincident null case with the following
important metrics: maximum Zdr, total hydrometeor quantification, ice quantification,
divergence, and wind shift.

Date

Max Zdr

Total
Quant.

Ice Quant.

Divergence

Wind Shift

20120331

6 dB

25 kg/m2

15 kg/m2

1.13*10-2 s-1

13.4 m/s

20120331
Null

4.5 dB

15 kg/m2

4 kg/m2

7.0*10-3 s-1

10 m/s

20100729

3 dB

15 kg/m2

12 kg/m2

9.6*10-3 s-1

23.6 m/s

20100729
Null

2.5 dB

8 kg/m2

3 kg/m2

5.2*10-3 s-1

6.2 m/s

20100726

3.5 dB

15 kg/m2

6 kg/m2

6*10-3 s-1

18 m/s

20100726
Null

4 dB

10 kg/m2

1.5 kg/m2

7*10-3 s-1

6.7 m/s

20120727

3 dB

20 kg/m2

8 kg/m2

6.6*10-3 s-1

7.7 m/s

20120727
Null

3.5 dB

20 kg/m2

10 kg/m2

7*10-3 s-1

15 m/s
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Considering the July 29, 2010 confirmed wind case and null case, the maximum
Zdr, total quantification, ice quantification, divergence, and wind shift were larger in
magnitude for the confirmed case than the null case. Considering the July 26, 2010
confirmed wind case and null case, the total hydrometeor quantification, ice
quantification and wind shift were larger in magnitude for the confirmed wind case than
the null case. Considering the July 27, 2012 confirmed wind case and null case, four of
the null case metrics were higher than the wind case and the total hydrometeor
quantification was equal. It is worth noting, the null case for July 27, 2012 appeared to
produce strong, divergent winds near the surface.
For all of the confirmed wind cases, there was a maximum Zdr of at least 3 dB.
When considering the March 31, 2012 case, the maximum Zdr was higher and it was
noted that the presence of significant hail reaching the surface likely played in role in the
larger Zdr values. It should be noted in examining the cases, the higher the Zdr value
doesn’t necessarily mean a higher degree of hail melting. It appeared that 3 dB was a
threshold for Zdr when recognizing small hail melting.
Another important metric recognized in this study was the ice precipitation
quantification. As mentioned previously, the ice precipitation quantification identified
the presence ice available for the hail melting process. For 3 out of the 4 cases, the ice
precipitation quantification was larger in magnitude for the confirmed wind case than the
null cases. The other case was noted to have a strong null case capable of producing
strong, divergent winds near the surface. This study provides confirmation to the
importance of the presence of precipitation ice available for the hail melting process. For
the confirmed wind cases, an ice precipitation quantification of 6 kg/m2 was calculated.
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The PID study also provided evidence of the presence of small hail or graupel above the
melting level available for hail melting process.
Another important aspect of this study was making a gross estimation of complete
melting of small hail or graupel. The gross estimation is made using small hail modeling
by Meischner (1991) and polarimetric observations for each case of the maximum Zdr
level. Table 8.2 shows information important to estimating the completion melting and
the area of enhanced melting. The table shows the date of each case, the environmental
melting level for each case, the maximum Zdr level for each case, the estimated
completion of melting for each case, and the depth from the surface of the steep subcloud lapse rate.
Considering the March 31, 2012 case, the melting level was at 3 km, the
maximum Zdr level was near the surface, the estimation of complete melting was near
surface, and the depth of the lapse rate was 1.5 km to the surface. This case also reported

Table 8.2: This table shows information for estimating the area of enhanced melting.
The table includes date of case, melting level, maximum Zdr level, estimated completion
of melting, depth of the sub-cloud lapse rate, and sub-cloud lapse rate.

Date

Melting
Level

Max Zdr
Level

Est. Complete LR depth
Melting

SubCloud LR

20120331

3 km

Near
surface

Near surface

1.5 km

7.26°C/km

20100729

5 km

2.0 km

2.0 km to
surface

2.0 km

7.6°C/km

20100726

5 km

3.0 km

3.0 km to 1.0
km

2.5 km

8.26°C/km

20120727

4.5 km

1.5 km

1.5 km to
surface

1.5 km

9.6°C/km
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significant hail at the surface, so the Zdr maximum is associated with the hail report. The
enhanced melting of the smaller hail and graupel particles more than likely coincided
with the steep sub-cloud lapse rate. Considering the July 29, 2010 case, the melting level
was located near 5 km, the maximum Zdr level was located near 2.0 km, the estimated
completion of melting occurred from 2.0 to the surface, and the depth of the lapse rate
was 2.0 km to the surface. It appeared that for this case, the enhanced melting coincided
with the presence of the steep sub-cloud lapse rate.
Considering the July 26, 2010 case, the melting level was near 5 km, the
maximum Zdr level was near 3.0 km, the estimation of complete melting was 3.0 km to
1.0 km, and the depth of the lapse rate was 2.5 km to the surface. For this case, the
enhanced melting was just above the beginning of the steep lapse rate or closely
coincided. Considering the July 27, 2012 case, the melting level was located near 4.5
km, the maximum Zdr level was near 1.5 km, estimated completion of melting was 1.5 to
the surface, and the lapse rate depth was from 1.5 to the surface. It appeared that with
this case, the enhanced melting coincided with the steep sub-cloud lapse rate. If the
enhanced melting is co-located or near the steep lapse, this allows negative buoyancy
associated with the melting to be maintained or strengthened in an environment with near
dry adiabatic lapse rates.
When examining convective wind cases it is important to consider the
environment in conjunction with the polarimetric observations. The March 31, 2012 case
had the lowest sub-cloud lapse rate but contained the most condensate loading and
precipitation ice available for the hail melting process. The July 29, 2010 had the second
lowest lapse rate but had the second highest amount of ice precipitation available for the
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hail melting process. The July 26, 2010 case had the lowest amount of ice precipitation
but had the second highest sub-cloud lapse rate and the lapse rate was 9.92°C/km from
1.5 km to the surface. In general, these results compare well with modelling studies by
Srivastava (1987) that showed for a lower environmental lapse rate you need higher
quantities of ice for downdraft forcing. When quantities of ice are lower the lapse rate
will need to be more unstable.
In a time evolution of polarimetric observations it is important to identify certain
features for examining convective wind events. A time evolution of polarimetric
variables was provided for each case. One feature observed in July 26, 2010 and July 29,
2010 prior to convective wind event was the Zdr column, which indicated large drops
being lofted above the melting level. This was also associated with a lowering of ρhv near
the top of the Zdr column. This was associated with the freezing of the lofted drops. This
feature can point to the production of precipitation ice. The July 29, 2010 case showed a
slight lowering of the max Zdr level close to the time of the convective wind event. It is
important to examine the max Zdr level in association with the sub-cloud lapse rate. For
all cases, an enhanced Zdr and depressed ρhv below the melting was observed prior to the
convective wind event.
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CHAPTER 9

SUMMARY AND FUTURE WORK

This thesis study provided information that can potentially be applied to
nowcasting convective wind events. The study began by reviewing previous studies and
how the process of hail melting can significantly increase the downdraft strength. The
review also showed that polarimetric radar can be useful for identifying the process of
hail melting. The study introduced the data used and the methods for analyzing the data.
The main focus was on the use of ARMOR C-band dual polarimetric radar and the
analysis of the hail melting signatures.

A PID analysis was also made to identify the

various precipitation particle types within a storm. It was important to identify regions of
small hail or graupel within the storm. A hydrometeor quantification was also described
provided in the case study analysis. The hydrometeor quantification was important for
identifying regions of ice precipitation available for the hail melting process and to
estimate hydrometeor loading potential. Environmental data also employed to help
understand how the environment was conducive for the development of strong
downdrafts.
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For this thesis study, an analysis of four confirmed convective wind cases was
presented. Four null cases for each day were presented to determine if any quantifiable
differences exist. These cases presented observations from a C-band polarimetric radar.
It was determined that polarimetric variables can be useful for identifying small hail
melting. This process can strengthen the downdraft due to the latent energy exchange
from the atmosphere to the particle. A maximum Zdr of at least 3 dB was identified for
the hail melting signature in all confirmed wind cases. The quantification of
hydrometeors was performed for each case to describe the potential loading on the storm.
An ice precipitation quantification was also performed to describe the ice available for
hail melting. In comparing the wind cases to null cases, the ice precipitation for the wind
cases was higher for 3 out of 4 cases. The one null case that was not higher for ice
precipitation appeared to show strong signs for producing strong winds at the surface.
The study showed the use of C-band dual polarimetric radar can be helpful for
analyzing convection capable of producing strong downdrafts. For future work, it would
be beneficial to continue to analyze cases using these same methods. For additional cases
continue to observe hail melting signatures as well as identifying the presence of ice
precipitation available for the hail melting process. When analyzing similar convective
wind cases, see if the same conclusions can be drawn from this study. If the similarities
persist, efforts can be made in developing operational tools for nowcasting convective
wind events. Operational tool could include radar software algorithms built from
redundant metrics found in several case studies.
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An operational tool in the form of a radar software algorithm would look
primarily at the hail melting signatures and precipitation quantification. For hail melting
signatures, there would be a threshold for Zdr and ρhv below the melting level to indicate
hail melting. From this study that would likely be a Zdr of at least 3 dB and ρhv < 0.95.
There would also be a threshold for the hydrometeor quantification portion of the
algorithm. For this case that threshold would be 15 kg/m2 for the total hydrometeor
quantification and 6 kg/m2 for the ice precipitation quantification. It should be noted that
environment plays a role in how much ice precipitation is needed to produce a strong
downdraft. The cases in this study all had relatively steep sub-cloud lapse rates, so these
results could be used for that type of environment.
It is important to consider any operational limitations in tracking the metrics
important for this study. For these studies the radar was scanning in a way to capture the
vertical structure of the storm. If the radar was not scanning in a way to capture the
vertical structure, hail melting signatures and precipitation quantification would not be
observed. If convection is at a large radar range, it is possible that hail melting could not
be observed. Due to the increasing height with range, the hail melting signatures would
not be observed. Even at large radar ranges, it would be expected to see an ice
precipitation quantification at higher heights above the melting level.
It is also important to consider observations for S-band. Previous studies by Atlas
et al. (2003) and Wakimoto and Bringi (1988) showed S-band observations for
microburst producing storms. Both studies identified regions of enhanced Zdr below the
melting level. The values of Zdr increased to 1-2.5 dB. It would be expected that with a
higher wavelength radar, there would be little resonant effects associated with small
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melting hail. Values of ρhv for S-band would be expected to be less than 0.98 for melting
hail compared to less than 0.95 for C-band. It is expected that Zdr values for S-band
would be lower, but S-band could also be used to indicate areas of small hail melting.
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